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This thesis proposes a systematic approach to design new service concept by 
integrating the Theory of Inventive Problem Solving (TRIZ) methodology to service 
conceptual design process. Traditionally, service design and development was largely 
dependent on inspirations and experiences and at times even lucks of service designers. 
This is especially true in some critical service development activities, such as idea 
generation and screening. The adoption of ad-hoc practices usually affected the quality 
of generating creative new service ideas. Meanwhile, existing service design tools lack 
the capabilities of systematic problem solving. Service designers often suffer from the 
limitation resulted from psychological inertia. All of these facts have pointed out a 
distinct need of establishing a formal idea generation mechanism in service 
development.  
 
To address this need, a TRIZ-Service design approach is proposed by integrating 
TRIZ-provided problem solving toolkits and its knowledge base with traditional 
service design process. Several TRIZ problem solving tools are modified and 
embedded into the proposed process. With the incorporation of TRIZ systematic 
thinking, this approach accordingly realizes the aim of systematic design and 
innovation in service domain. To verify its effectiveness, five case studies are done and 
considered as empirical part of this study. At the conclusion part, practical managerial 
implications are provided as references to managers intending to implement this 
approach in service organizations.  
 x
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CHAPTER 1 
INTRODUCTION 
With the emerging shift from manufacturing towards services in the paradigm of 
economic activity, the issue of new service development (NSD) has never become 
more important than today. A number of companies, such as General Electric, Xerox, 
Hewlett Packard, etc., who a few years ago got almost all of their profits from selling 
physical products, are rapidly transforming themselves into service providers. To 
maintain competitive in service markets, service companies are all actively seeking 
creative incentives for triggering new service concepts that can meet needs of 
customers.  
 
The advancement of information-based technologies is one of the key enablers which 
result in the explosion of a multitude of new service concepts in the marketplace. 
Facsimile machines, voice mail, automated teller machines, and cellular phones are all 
good service innovation examples which benefited from the revolution in information 
technologies. To identify these new service opportunities, both practitioners and 
researchers have spent a lot of effort in seeking an effective and consistent way of 
developing new services in recent years. This thesis investigates and discusses in depth 
one of the essential components in NSD, service design. In the first section of this 
introduction chapter, the background and the motivation of this project are introduced. 
The need of establishing a systematic idea generation mechanism in service 
development is identified and targeted as the main goal to accomplish in this project. 
Then the objective of this project is defined and is followed with a description of the 
structure of the thesis in the last section of this chapter. 
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1.1 Project background 
This section provides an overview of some new services related topics: the increasing 
market demands for innovation in services; continuous efforts in formalizing service 
development and service design. As a result, an imperative need of establishing formal 
idea generation mechanism in service design is identified.  
 
1.1.1 Demands for new services 
The development of new service offerings is distinct from the development of physical 
products because of the unique characteristics of service products, such as customer 
participation, perishability, intangibility, and heterogeneity, which are interrelated with 
each other and are intangible in nature. These intangible characteristics collectively 
impact service development and make it more challenging than physical product 
development. One of the biggest challenges to service developers is that because of the 
intangibility of service offerings, service innovation is hard to be protected through 
patenting. Compared to physical products, service products can typically be duplicated 
by competitors in less time and with less capital investment (Terrill et al., 1996). To 
stay ahead of competition, service developers come to the same conclusion that the 
only way is to design and deliver new service products continuously (Kelly et al., 2000; 
Terrill et al., 1996; Edvardsson et al., 1995). In fact, many big companies such as 
Federal Express, AT&T and Disney World have managed to succeed in the 
competitive marketplace by continuously delivering new services to customers 
(Cooper et al, 1999).   
 
New services are essential to service companies to attract new customers, sustain 
customer loyalties and accordingly make more profits in the long run. Service 
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companies report that 24.1 percent of revenues came from new services introduced in 
the last five years, and further 21.7 percent of company profits were derived from these 
new services (Griffin, 1997). According to Stephan’s (1994) study in financial 
institutions, new services introduced in the previous two years accounted for 10 
percent of revenues. The creation of a continuous stream of new services can help to 
position service organizations competitive in the global market by providing a lot of 
benefits such as enhancing the profitability of existing offerings; attracting new 
customers to the firm; improving the loyalty of existing customer; and opening 
markets of opportunity (Storey et al., 1999).  
 
1.1.2 “New” and “Service” 
The incentive of developing new services to achieve corporate growth goal drives 
many service firms to get a better understanding of the nature of new services. The 
terms of “New” and “Service” in the phrase of “New Service” stand for a variety of 
meanings respectively. Like physical product innovation, service innovation comes 
into the world with differing levels of newness (Terrill et al., 1996). Accordingly, new 
service products can be classified into several types. Table 1.1 shows a typology of 
new services proposed by Lovelock (1984), which is adapted from Heany’s (1983) 
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Table 1.1 Differing levels of newness in service products (Reproduced from Lovelock, 1984) 




New services for markets as yet 
undefined; innovations usually 
driven by information and 
computer-based technologies 
 
Wells Fargo Internet banking 
launched in May 1995 
Start-up business New services in a market that is 
already served by existing 
services 
Mondex USA, a subsidiary of 
MasterCard International that 
designs and distributes “smart 
cards” for retail transactions  
New services for the market 
presently served 
New services offerings to 
existing customers of an 
organization (although the 
services may be available from 
other companies)  
Free-standing bank branches or 
kiosks in supermarkets or other 
retail establishments (e.g., Wells 
Fargo kiosks in Starbucks coffee 
shops) 
Incremental innovations 
Service line extensions 
 
Augmentations of the existing 
service line such as adding new 
menu items, new routes, and 
new courses 
 
Singapore Airlines’ first-class 
airport check-in in a special, 
exclusive lounge 
Service improvements Changes in features of services 
that currently are being offered 
Delta Airlines’ use of ATM0like 
kiosks to distribute boarding 
passes to passengers  
Style changes The most common of all “new 
services”; modest forms of 
visible changes that have on 
impact on customer perceptions, 
emotions, and attitudes, with 
style changes that do not change 
the service fundamentally, only 
its appearance 
Funeral homes, such as Calvary 
Mortuary in Los Angles, that 
now offer abbreviated 
ceremonies that celebrate life 
instead of mourning death; have 
full-service flower shops; and 
have facilities with more pastels, 
brighter walls, and more 
windows and lights 
 
 
1.1.3 Formalized NSD 
New product development (NPD) has received considerable study since the Booz, Allen 
& Hamilton’s study (1982) provided a clearly structured model of NPD based on 
research over many years into US-based manufacturing industry. Nowadays, most of 
NPD activities can be carried out with the use of different formalized tools. One of the 
 4
Chapter 1: Introduction 
best examples is the stage-gate product development process (Cooper, 2001), which now 
is widely used in many companies in product development. 
 
However, this is a different scenario when it comes to NSD. Still not enough research is 
carried out in the field of service development (de Bretani, 1993; Shostack, 1981, 1984b). 
The approaches to new service development are less well understood (Jones 1995). 
Consequently, these lags in service research affect practices in service industries. It is 
alarming to note many companies have not figured out how to develop new services 
well enough or fast enough to keep pace with changing market forces (Cooper, et al., 
1999). New services are often introduced on the basis of managers’ and employees’ 
subjective opinions about what the services should be and whether they will succeed 
(Zeithaml et al., 2000). One possible reason is that to date there are not enough 
formalized and effective tools in the hands of service developers to implement 
development activities. Therefore, to change this situation, it is imperative to establish 
a new service development system, which might probably has four basic 
characteristics as Zeithaml et al. (2000) mentioned as follows: 
• It must be objective, not subjective;  
• It must be precise, not vague; 
• It must be fact driven, not opinion driven; 
• It must be methodological, not philosophical. 
 
1.1 4 Formalization in service design 
In response to the need of introducing formal mechanism to new service development, 
a number of NSD process models were proposed by different researchers in recent 
years. However, most of these models are too aggregated, lacking operational and 
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specific details. It thus results in ineffective implementation in industrial practices. 
This problem is distinctly serious in some activities such as idea generation and 
screening at the pre-development phase of service process.  
 
In a study done in three service industries (banks, hospitals and insurance companies), 
Bowers (1989) found that service organizations tend to use an incomplete means of 
developing new services. Formalized idea generation, product development and 
testing, and marketing testing are three distinct activities service organizations tend 
not to do (see Table 1.2). This view is confirmed by the study of Edgett (1996) that, 
idea generation and screening, together with some other pivotal development activities, 
are often not done well in many service companies. Service winners are clearly 
separated from service losers in terms of quality of execution on these important 
activities.  
Table 1.2: Mean scores on the activities of NSD (Reproduced from Bowers, 1989) 
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Therefore, a distinct demand of introducing formalization to service design is 
imperative for ensuring an ongoing stream of new-service possibilities. Only through 
doing this, service providers can achieve the systematic innovation in developing new 
services instead of relying on a haphazard process. 
 
1.2 Project objective 
The main objective of this thesis is to address the need of developing formalized 
service design tools in NSD. So far, very few studies have been conducted on the tools 
employed for successful NSD and this has been identified as a research opportunity 
(Menor, et al. 2002; Johnston, 1999), where good design tools and techniques in 
service development need to be further explored. To accomplish this goal, this thesis 
describes an investigation to gain an understanding of the existing theories and 
practices in the area of service design and development. As a result, a unique 
systematic design approach is proposed based on the integration of a creativity 
methodology, TRIZ, with the conceptual stage of service design. As such, problem 
solving in service design is no longer a haphazard process. An empirical study which 
comprises 5 case studies was done to verify the effectiveness of this new approach.  
 
1.3 Thesis structure 
This thesis is divided into four parts (See Figure 1.1). Part I (Chapter 1, 2) explains the 
context and the driver of this research project, and defines that the main goal of this 
study is to integrate TRIZ with service design. Part II (Chapter 3, 4) is an in-depth 
investigation of the synergy between TRIZ and service design. Several strong synergy 
points are identified and formulated on the basis of literature review. It then proposes a 
generic service design framework which can help service developers to solve service 
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design problems and generate innovative solutions systematically. To verify the 
proposed model, a multiple case study approach was adopted in this study and with 5 
practical case studies illustrated in Part III (Chapter 5, 6), where insightful results, 
discussions and managerial implications are drawn from the empirical study. The last 
part of this thesis is Part IV (Chapter 7), which summarizes the contributions of this 
research project in several aspects. It also discusses the limitations of the study and the 
directions for future improvement. 
 
The study begins with Chapter 1. It investigates the background research in service 
design and development. The need to introduce a formal mechanism to service design 
is identified in order to make breakthrough in traditional practices of service 
development. Taking this as motivation, the objective of this research project is 
defined. In the final section, the general structure of thesis content is introduced.  
 
Chapter 2 comprises an extensive literature review covering two main areas: service 
design and development, and TRIZ. The investigation in service literature consists of 
topics such as NSD process model, service concept, and service design tools. It 
confirms with the need of formalizing service design by identifying the lack of 
systematic problem solving capabilities in existing service design tools. The 
examination of the literature of problem solving methods suggests that TRIZ is the 
most appropriate methodology that can be used to close the gap in service design and 
development. Thus the latter part of this chapter focuses on the survey on TRIZ. It 
covers the basics of TRIZ, the development of TRIZ, the applications of TRIZ, and the 
limitations of TRIZ. Through the review, it is concluded that TRIZ is promising to be 
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used in non-technical problem solving. Service design, as one of the typical non-




Figure 1.1: Thesis structure 
 
Chapter 1: Introduction 
Chapter 2: Literature review 
Chapter 3: Use of TRIZ in 
service design 
Chapter 4: TRIZ-Service 
design model 
Chapter 5: Research 
methodology and case study 











Chapter 7: Conclusion and 
future research 
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Based on the literature review in service area and TRIZ, Chapter 3 goes one step 
further to examine the synergies between TRIZ and service design. Three distinct 
places that TRIZ can be applied to service design areas are identified. They are service 
contradictions, service innovation patterns and service pre-development stage. This 
suggests a hypothesis that TRIZ can be well applied to solve problems in service sector. 
 
Chapter 4 proposes a generic problem solving model with the hypothesis that TRIZ 
can be used in the conceptual design stage of service development. The model 
comprises three stages: Problem definition, problem resolution and solution evaluation. 
Specific illustration of the framework stages, integrated TRIZ tools and worksheets to 
facilitate the involved design activities are provided.  
 
Chapter 5 is the empirical part of this study. It begins with an introduction of the 
research methodology that this study is based on. Detailed plan of carrying out case 
problem selection and data collection is described. It then follows with five case 
problems that are selected from different areas of service operations. The effectiveness 
of the TRIZ-Service design approach is illustrated and verified by using it to resolve 
the selected five case problems.  
 
Chapter 6 is a follow-up summary to the empirical study. It briefs the obtained 
empirical results drawn from the 5 case studies, and responds to the defined objective 
of this research project in the beginning chapter of this thesis. The discussion section 
summarizes the contributions of this study, and positions the main contribution of this 
project is on the methodological development of both TRIZ and service design 
research. Also, some insightful managerial implications are stated as the impacts that 
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the proposed TRIZ-Service design approach might probably have on service industry 
practices.  
 
Chapter 7 is the conclusion part of the whole study which summarizes the results of 
the research project. It discusses the impact of the research findings on both the 
literature of service development and TRIZ. The possible influences on industrial 
practices in service design are also analyzed. Furthermore, it discusses some 
limitations in this study and recommends future directions to continue the study.  
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CHAPTER 2 
LITERAURE REVIEW 
This chapter reviews the research literature in the following three areas: (1) service 
development and design; (2) problem solving methods; and (3) TRIZ.  
 
The review of service development and design provides an overview to the 
development of research work in the area of NSD, and examines existing tools and the 
current industrial practices in service design. Results of the review identify a gap that 
existing service design tools fall short in systematic problem solving, which usually 
results in ad-hoc development practices in service industries. To address the need for 
problem solving capabilities in service design tools, we examine the literature of 
problem solving methodologies. Among these methodologies, TRIZ stands out and is 
selected to close the gap because of a number of distinct strengths it has over other 
methodologies.  
 
2.1 Service development 
Service development processes used to be very informal and employ ad-hoc 
development procedures (Metters, 2003). Due to the intangibility of service, service 
providers find it very difficult to control and measure specifications or qualities of 
service products by using prototype and field test before formal launches. For this 
reason, service companies tend to revamp service development process by their own 
ways. As a result, many service developers would rather believe new services came 
about as a result of intuition, personal fancy, or inspiration (Langeard et al., 1986; 
Gummesson, 1989).  
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However, some researchers holding the opposite views argue that new services are 
more likely the outcomes of a formal development process (Sheuing, et al., 1989; 
Bowers, 1989; Martin, et al., 1993). A number of NSD process models have been 
proposed by various researchers since last two decades. Johnson et al. (2000) reviewed 
and classified all of the process models into three categories: Partial Models, 
Translational Models and Comprehensive Models (Table 2.1). The results of this 
exploratory research make many people believe that the process of NSD can be as 
systematic as that of NPD if given enough study.  
 
Besides the above two opposite views, another school of thoughts in between these 
two argue that services tend to use less formal NSD processes than those found in 
NPD (Griffin, 1997). The innovation and adoption of new services must be both a 
planned process and a happening (Edvardsson et al., 1995). Although this discussion is 
still inconclusive up to now, more and more recent research findings have 
demonstrated that it is possible to increase the degree of formality in NSD process. A 
good example for this is the formalized NSD process cycle proposed by Johnson, et al. 
(2000) successfully captures the formalization of a NSD process, as is considered to be 
crucial to support greater NSD speed and effectiveness in developing NSD 
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Table 2.1 Summary of Studies on NSD Processes (Adapted from Johnson et al., 2000) 
Partial Models of NSD: Models Concerned With Specific Stages in the NSD Process 
Representative Study Stage/Activity 
Shostack (1984b)                                      
Shostack and Kingman-Brundage 
(1991)  
Bushman and Cooper (1980) 
 
Design 
Transactional Models: Models Based on the Stages of the BAH Model 
Representative Study Stage/Activity 
Bowers (1985)                                          
Bowers (1987)                                          
Bowers (1989)                                          
Donnelly et al. (1985)                               
Johnson et al. (1986)                                 
Anderson and Pennington (1992)             
Palmer and Cole (1995)                            
 
1. NPD strategy 
2. Idea generation 
3. Screening and evaluation 




Comprehensive Models: Models of Holistic NSD Processes (including feedback loops) 
Representative Study Stage/Activity 
Scheuing and Johnson (1989)        1. Formulations of new service objectives/strategy 
2. Idea generation 
3. Idea screening 
4. Concept development 
5. Concept testing 
6. Business analysis 
7. Project authorization 
8. Service design and testing 
9. Process and system design and testing 
10. Marketing program design and testing 
11. Personnel training 
12. Service testing and pilot run 
13. Test marketing 
14. Full-scale launch 
15. Post-launch 
 
Tax and Stuart (1997)                      1. Audit the existing service system 
2. Assess the new service concept 
3. Define the new service system “processes” and extend of    
    change 
4. Define the new service system “participants” and extend 
of  
    change  
5. Define the new service system “physical facilities” and 
     extend of change       
6. Assess the impact of integrating service systems 
7. Assess the internal capability of handling change 
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2.2 Service design 
A variety of service development models have been proposed. Although most of these 
models might have some degree of seemingly formalization, they are generally too 
aggregated and hard to be implemented on operational levels. For instance, the latest 
NSD process cycle, which was proposed by Johnson et al. (2000), only focused on 
classifying service development process into four phase stages: design, analysis, 
development and full launch. However, it did not go into full details and explained 
how to operate the involved development activities at each stage in order to achieve 
stage goals. This was actually a common gap existing in most of other NSD models as 
summarized in Table 2.1. Before implementing these models in industrial practices, 
more detailed and specific activities are needed to be stated clearly. To achieve this, 
clear-cut operational tools or activities might have to be proposed or defined firstly.  
 
Service design, as an essential component in the overall service development process, 
right focuses on the operational basics of the development work. Service design 
appears in most of the NSD models shown in Table 2.1. Service design involves 
understanding and planning the interaction of a variety of physical, electronic and 
human elements (Edvardsson, et al., 1994). In the following sections, a summary of 
literature review in service design is presented. In particular, examinations of previous 
studies on the definitions of service design and service concept, the core design 
activities, and the existing design tools are presented.  
 
2.2.1 Definition of service design 
Definitions about service design vary in literature. In ISO 9004-2:1991(E), service 
design is defined as a process that involves converting the service brief into 
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specifications for both the service and its delivery and control, while reflecting the 
organization’s options (i.e. aims, policies, and costs)”. Other definitions vary from “the 
idea to design high quality into the service system from the outset, and to consider and 
respond to customers’ expectations in designing each element of the service” 
(Zeithaml et al., 1990), “the concretization of the service concept in drawing 
flowcharts” (Gummesson, 1991), to “the work of specifying an idea about a new 
service in drawings and specifications” (Norling et al., 1992).  
 
As essential to service development, service design is usually considered to be 
separated from the concept of service development, which is explained in Johnson et 
al. (2000). He stressed that service design emphasizes on specifying the detailed 
structure, infrastructure, and integration content of a service operations strategy, while 
service development focuses on the overall process of developing service offerings. 
One feature common to most of the research on NSD and service design is service 
concept (Goldstein et al., 2002), which is a core element of processes for service 
design and service development (see, for example, Scheuing et al., 1989; Tax et al., 
1997).  
 
2.2.2 Service concept 
The term of service concept is frequently used in the literature of service research. 
Service concept has been defined in many different ways. Heskett (1986) defines it as 
the way in which the “organization would like to have its services perceived by its 
customers, employees, shareholders and lenders”, i.e., the organization’s business 
proposition. Edvardsson et al. (1996), service concept refers to the prototype for the 
service, i.e., the customer utility and the benefits (value for the user) which the service 
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and its various sub-services are intended to provide and convey to the customer. 
Service concept is the mental picture that is held by customers, employees and 
shareholders about the service provided by the organization (Clark et al. 2000). It is a 
succinct statement that encapsulates the elements such as service experience, service 
outcome, service operation and value of the service (Johnston et al., 2001).  
 
It is important to formulate service concept correctly as it plays a key role in service 
design and development. Service concept defines the how and the what of service 
design, and helps mediate between customer needs and an organization’s strategic 
intent (Goldstein, et al., 2002). To ensure that service package and service encounter 
met the needs of customer and service organization itself, organizations must focus on 
the design and delivery of their service concept. Moreover, service concept can be used 
as a strategic tool to create organizational alignment, assess the implications of design 
changes, and drive strategic advantage (Johnston et al., 2001).  
 
2.2.3 Idea generation and screening 
It can be seen in Table 2.1, idea generation and screening is one of the most critical 
activities in both service design and service development. Ideas for new product can 
arise almost anywhere (Robinson et al., 1997). They can arise inside the company by 
taking employees as an important source of winning new product ideas (McGuire, 
1973). They can also come outside the company by listening to the feedback from 
customers, or copying from competitors (Easingwood, 1986; Scheuing et al., 1989). 
Conventional idea search methods and avenues include formal brainstorming, 
solicitation of ideas from employees and customers, lead-user research, and learning 
about competitors (Zeithaml et al., 2000). However, these methods rely much too on 
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service designers’ or customers’ past experiences, which contain unavoidable 
psychological inertia. Thus the adoption of these methods might probably restrict the 
generation of creative and breakthrough ideas.  
 
Although idea generation is agreed to be important, it is one of the weakest links in 
NSD process (Bowers, 1989). Many service companies tend not to engage in formal 
idea generation in that they find it relatively easy to generate new service ideas 
(Easingwood, 1986). However, recent studies show that successful service firms 
establish systems and procedures for stimulating idea generation on a long-term basis 
(Robinson et al., 1997; Felberg et al., 1992; Edgett, 1996). Techniques for stimulating 
ideas must be created and maintained on an ongoing basis to keep generating 
innovations (Crawford, 1994).  
 
2.2.4 Gaps of service design tools 
Much of the research in service design has focused on the tools used in the design 
activities of the overall NSD process (Johnson et al., 2000). This section reviews a 
variety of original service design tools and some other tools that have ever been used 
for the purpose of designing services in the literature of service design. Through the 
review, it is found that a common limitation in problem solving exists in the traditional 
design tools and further improvement on this is expected.  
 
a) Structured Analysis and Design Technique (SADT) (Congram et al., 1995): 
SADT is a disciplined service description process used to model service 
system.  
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b) Function Analysis (Berkeley, 1996): Function analysis is a structured process 
for designing services that maps customer requirements to required functions 
and means.  
c) Service Blueprinting (Shostack, 1984a; George and Gibson, 1991; Kingman-
Brundage, 1988; Baum, 1989): Service blueprinting is a systematic method 
for analyzing and representing the steps in a service process. It helps to 
identify potential failure points, and generate mitigation plans to prevent or 
recover from a failure.  
d) Quality Function Deployment (QFD) (Ermer et al., 1998; Franceschini et al., 
1998; Selen et al., 2001; Stamm, 1992): QFD is often used to translate 
customers’ needs and expectations into specifications that are relevant to 
companies. Although traditionally QFD is associated with physical product 
design, many researchers also find it equally applicable to service design.  
e) Root Cause Analysis (RCA) (Duffy, 2000): RCA is often used in identifying 
potential service failure points, service outcome or process problems in 
service recovery process.  
 
The tools reviewed above are effective in describing and analyzing service problems. 
However, all of these tools have limitations in generating ideas and overcoming 
pitfalls identified in the design process. One example to illustrate this point is the use 
of QFD in service design. QFD is very useful in identifying problems in the course of 
service design, such as identifying contradictory relationships among different service 
product attributes (Rovira et al., 1998). However it often can not suggest effective 
solutions to eliminate the contradictions without making compromises between 
conflicting requirements.  
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Another good example is the use of RCA in identifying potential service failure points 
in service recovery process. The preventive solutions are mainly generated based on 
the past experience of designers rather being provided by RCA. Moreover, since RCA 
is closely allied to the optimization of existing process (Mann, 2002c), if service 
designers rely wholly on the outcome of its analysis, it would be very difficult to find 
innovative breakthrough solutions.  
 
Because of the limitations in existing service design tools, service practitioners tend to 
rely on their past experiences, or just brainstorming, instead of using the design tools. 
This directly affects the implementation of service design tools and thus seriously 
restricts the creation of innovative ideas.  
 
2.2.5 Discussions 
If the identified gap in service design can be closed, the practices in service 
development will be improved to a level as sophisticated as new product development. 
To accomplish this goal, practical problem solving tools should be created to guide 
service designers to identify, analyze, and resolve problems in a systematic matter. The 
establishment of formal mechanism in service design is the only way to end formerly 
haphazard practices in service development. In next section, a literature survey in the 
area of problem solving is given in order to select a creative problem solving method 
to close the gap in service design.   
 
2.3 Problem solving methods  
The process of problem solving usually involves several steps, moving from an initial 
state to a final state. Through these steps, existing situation is transformed to a 
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desirable situation or a situation closer to the desirable situation than the initial 
situation (Savransky, 2000).  
 
In the literature of problem solving, a widely accepted notion is that a distinction can 
be made between well-defined (or well-structured) problems and ill-defined (or ill-
structured) problems. A well-structured problem has no unknown critical steps to a 
solution. Computer programming is frequently used to resolve this kind of well-
structured problem. In an ill-structured problem, one or more of the steps (or states) is 
either unknown or incoherent. Design problems are usually ill-structured problems, 
because no one can have sufficient information in the initial state and the properties of 
the goal state are never fully specifiable in advance (Goldschmidt, 1997).  
 
 
Figure 2.1 Two-dimensional problem scheme (Adapted from Savransky, 2000) 
 
The difficulty of a problem (either well-defined or ill-defined) is determined by the 
number of possible variants and the number of possible steps that lead to acceptable 
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solutions (Savransky, 2000). Based on this information, all problems can be 
represented in a simple two-dimensional scheme as shown in Figure 2.1. Problems in 
quarter A have known causes and search directions so that they are close to well-
defined problems. Problems in quarter D are most difficult problems with unknown 
causes and search directions.  
 
To resolve these problems, especially ill-defined problems, a number of problem 
solving methods have been developed all around the world. In a review and 
comparison of the methods in Table 2.2, Savransky (2000) found that TRIZ is 
exceptional because only TRIZ is useful for solving most difficult problems with high 
D values from the right upper quarter of Figure 2.1. Furthermore, since the foundation 
of TRIZ is based on the extracted knowledge from the analysis of millions of patents, 
it is very effective in helping problem solvers to overcome their own psychological 
inertia, which has been argued to be the most trouble in solving difficult problems 
(Altshuller, 1984).  
 
Table 2.2 Traditional problem solving methods (Summarized from Savransky, 2000) 
Methods for activating 
creativity 
Brainstorming; Synectics; Lateral Thinking; Mind Machines; Neuro 
Linguistic Programming; Mind Mapping 
Methods of expanding the 
search space 
Morphological Analysis; Focal Objects; Forced Analogy 
Decision aides T-charts; Probabilistic Decision Analysis 
 
2.4 TRIZ 
TRIZ is the Russian acronym for the Theory of Inventive Problem Solving. TRIZ was 
developed by Genrich Altshuller and his colleagues in the former USSR starting in 
1946. The hypothesis of TRIZ research is that there are universal principles of 
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invention that are the basis for creative innovations that advance technology. If these 
principles could be identified and codified, they could be taught to people to make the 
process of invention more predictable. The grounding TRIZ research was done in a 
way of analyzing thousands of world-wide patents from 1940s to 1980s. Through the 
tremendous work of patent analysis, a number of innovation patterns and laws of 
ideality were identified and extracted. Other important findings of this patent research 
include:  
• Problems and solutions were repeated across industries and sciences  
• Patterns of technical evolution were repeated across industries and sciences  
• Innovations used scientific effects outside the field where they were developed  
Therefore, TRIZ can be described as a complete process which is structured with a set 
of problem definition and resolution tools. In the following sections, a literature review 
in TRIZ is provided to give a big picture of TRIZ methodology, and explain how TRIZ 
could be helpful to close the gap that we identified in service design. 
 
2.4.1 Definition of TRIZ  
TRIZ is an algorithmic approach for solving technical and technological problems. It 
has a structured process integrated with a set of tools for a variety of uses. There are 
few formal definitions about TRIZ in the literature. Nevertheless, Savransky (2000) 
made an attempt to define TRIZ as “a human-oriented knowledge-based systematic 
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a) Human-oriented: TRIZ aims to solve ill-defined problems. Because of the unknown 
states within ill-defined problems, it is impossible for machines and computers to solve 
this kind of problems. Therefore, the heuristics of TRIZ are designed for the use of 
human, not for machines. 
 
 b) Knowledge-based: TRIZ is based on a set of problem-solving heuristics and 
instruments extracted from a vast number of patents worldwide in different 
engineering fields. The identified innovation patterns are very helpful for triggering 
breakthrough thinking.  
 
c) Systematic: The procedures of TRIZ problem solving process are well defined in a 
systematic manner in order to help problem solvers to find effective solutions.  
 
d) Inventive problem solving: First developed to solve technical problems, TRIZ 
defines ill-defined technical problems as inventive problems. However, the scope of 
inventive problems can also be extended to non-technical ill-defined problems when 
using TRIZ in non-technical areas.   
 
2.4.2 Level of innovations 
Through the analysis of a large number of patents, Altsthuller found not every 
invention is equal in inventive value. He classified innovations into five levels as 
shown in Table 2.3. Problems on Level 1 are low level problems which are not 
innovative at all. With the increase of innovation level from Level 2 to Level 4, 
problems get more and more complicate and the problem solving becomes more and 
more difficult. It is extremely time-consuming and costly to resolve these problems by 
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using conventional methods such as trial-and-error or checklists. After having found 
this problem pattern, Altshuller focused his investigation on the principles existing in 
the patents inventions that belong to Level 2, 3, and 4. The classical TRIZ research 
was founded on the information from these categories of patents. Thus the practical 
utilization of TRIZ method can help problem solvers to develop the innovativeness of 
their solutions to Level 2, 3, and 4. 
 
Table 2.3 Level of Innovations (Summarized from Altshuller, 1997 and Terninko et al., 1998) 
Levels of 
Innovation 
Description of the Invention Knowledge Requirement Percentage of 
Patent Invention 
1 Only a simple improvement of 
the existing system 
The knowledge within a trade 
relevant to the system 
32% 
2 A small invention of the existing 
system 
The knowledge from different 
areas within an industry relevant 
to the system 
45% 
3 A substantial invention of the 
existing system 
The knowledge from other 
industries 
18% 
4 A breakthrough solution to 
replace the original technology 
with a new technology 
The knowledge from different 
fields of science 
4% 
5 Discovery of new phenomena 
which allows pushing the exiting 
technology to a higher level 
The knowledge from different 




2.4.3 TRIZ problem solving flowchart 
Figure 2.2 is a flowchart for classical TRIZ problem solving. The process of classical 
TRIZ problem solving basically consists of three stages: problem definition, problem 
resolution, and problem evaluation. At each stage of TRIZ problem solving process, 
different TRIZ techniques are applied (see Table 2.4). In the problem definition, 
original problems are transformed into structured problems (e.g., contradictions) with 
TRIZ analytical tools such as Problem Formulator, Tool-Object-Product (TOP) 
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analysis, etc. In the problem resolution, appropriate TRIZ tools or principles are 
employed to resolve the defined problems. Thus it generates a number of solutions 
possible to address the original situations. Some knowledge-based TRIZ tools, such as 
40 Inventive Principles, Separation Principles, and the Algorithm for the Solution of 
Inventive Problems (or ARIZ from the Russian abbreviation), can be used at this stage. 
The generated ideas are measured against the yardstick of ideality, which is specified 
by using ideal final result. After evaluation, if new problems occur or the original 
problems have not yet been resolved, problem solver must iterate back and redefine the 
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Table 2.4 TRIZ problem solving flowchart description  
Stage Name Description Stage Input Stage Output Tools Employed 
Problem 
Definition 
Analyze and define 
original problems 




The defined problem 











appropriate tools to 












Select the best 
ideas in terms of 
ideality 
A list of 
solution 
alternatives 
Selected solution to 
address the original 
problems  
Ideal final result 
 
 
2.4.4 TRIZ development 
In the past nearly 60 years, TRIZ researchers have been continuously expanding and 
updating the knowledge base of TRIZ. A number of TRIZ tools, heuristics and 
instruments have been developed. A considerable amount of case studies have been 
done since TRIZ was introduced to the world around 1990s. The following references 
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Table 2.5 References of TRIZ tools 
TRIZ tools References 
Contradiction Matrix Mann (2002a); Candia (2000); Domb (1998d); Altshuller (1997) 
40 Inventive Principles 
 
Belski et al. (2003); Grierson (2003); Retseptor (2002, 2003); Rea 
(2001); Mann et al. (1999a, 2001b, 2001c); Terninko et al. (2001); 
Winkless et al. (2001); Williams et al. (1998); Altshuller (1997) 
4 Separations Principles Karasik (2000); Hippl (1999) 
Substance-Field Analysis Soderlin (2003a); Savransky (2000); Terninko (2000) 
76 Standards Miller et al. (2001); Terninko et al. (2000); Domb et al. (1999) 
Laws of system evolution Petrov (2002) 
Contradiction Analysis Mann (2002b); Domb (1997b); Royzen (1997) 





Ideal Final Result Belski (1999, 2000); Domb (1997a; 1998c); Rantanen (1997) 






Ruhe (2003); Proseanic et al. (2000); Ungvari (1999a) 
 
 
While enhancing the TRIZ knowledge-based tools, the complex diversification of 
TRIZ tools and the huge knowledge base also build great barriers to people who want 
to learn TRIZ. Having noted this situation, some TRIZ researchers began to simplify 
and modify TRIZ into different versions. Systematic Inventive Thinking (SIT), 
Advanced Systematic Inventive Thinking (ASIT) and Unified Structured Inventive 
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Table 2.6 Simplified versions of TRIZ 
Simplified 
TRIZ method 






• Developed by Genedy 
Filkovsky in Israel in 1980s  
• It is a structured method for 
enhancing creative problem 
solving in engineering 
design 
• Compact and 
streamlined in 
structure 
• More user-friendly 
• Quicker and simpler 
to learn  




• Proposed by Roni Horowitz 
and his colleagues 
• ASIT is a creative thinking 
method derived from TRIZ 
• Use a small but 
powerful subset of the 
TRIZ principles 
• Provide unique five 








• Developed by Ed Sickafus 
at Ford in 1995 
• USIT depends on the 
adaptation from Israel SIT 
method and classical TRIZ 
• USIT concentrates on the 
concept generation stage 
• Rapidly generate 
multiple conceptual 
solutions 
• Consists of only 







Historically, SIT, ASIT and USIT are actually all derivatives of TRIZ, the pioneering 
work of Genrich Altshuller. All of these methods share one commonality, which is that 
creativity can be coached by studying the existing creative ideas in a field, identifying 
common patterns in the ideas, translating the patterns into a set of thinking tools, and 
then applying these tools to solve general problems in the field.  
 
Besides the simplification and adaptation of classical TRIZ, a new branch of TRIZ has 
recently emerged. It is the integration of TRIZ with other leading methodologies, such 
as QFD and Six Sigma. Examples in Table 2.7 have demonstrated that one of the most 
promising ways of developing future TRIZ is to find the synergies between TRIZ and 
other methods, and to confirm TRIZ as the most appropriate foundation for a coherent 
“systematic creativity” model (Mann et al., 2002).  
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Table 2.7 References of TRIZ integration with other leading methodologies 
TRIZ tools References 
Quality Function 
Deployment 
Baessler et al. (2002); Schlueter (2001b); Kunst et al. (2000); Rovira et 
al. (1998); Domb (1998a, 1998b); Domb et al. (1998); Terninko 
(1998a) 
Six Sigma  Tennant (2003); Verduyn (2002) 
Taguchi Method Apte et al. (2001); Monplaisir et al. (1999); Terninko (1998a) 
Robust Design Hu et al. (2000); Slocum (1997) 
Axiomatic Design Yang et al. (2000); Mann (1999a) 
Neuro Linguistic 
Programming 
Bridoux et al. (2002); Becker et al. (1998) 
Value Engineering Sawaguchi (2000, 2001, 2002) 
Computer Aided Design  Rovira (2001) 
Function Analysis Rovira et al. (1998) 
Triads Kowalick (1998) 
Lateral Thinking Wiik (1998) 
S-Curve Mann (1999b) 
Kano Model Ungvari (1999b) 
 
 
As TRIZ is becoming more and more widely known, some researchers find it is time to 
update TRIZ. One of the reasons to do the updating work is because most of the 
patents that founded classical TRIZ were from 1940s to 1980s. With the coming of the 
era of computer and internet technology, the innovation patterns that were identified by 
using those patents decades ago might probably not be able to fully reflect all of the 
existing patterns.  
 
In realizing this need of updating TRIZ, a large program of patent research was started 
in 2000 with the aim of extending TRIZ to accommodate the changes brought about by 
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the advances that have taken place in business and technology since 1985 (Mann et al., 
2003). Since the direct results of the previous patent research were classical 
Contradiction Matrix and 40 Inventive Principles, most of the updating work focus on 
modifying them. Mann (2002a) found some principles, such as Principle of Blessing in 
Disguise, appeard to be rarely used in the classic matrix, while some others like 
Principle of Feedback were in increasing use. The development of a new matrix by 
TRIZ specialists in former Soviet Union since 1970s also showed that the 40 Inventive 
Principles could be reduced to 36 principles (Savransky, 1997). Mann et al. (2003) 
developed a new generic Matrix aimed at technical applications. It updated both the 
form and content of the original Matrix by updating and expanding the list of 
parameters it contains, updating and increasing the Inventive Principle 
recommendations for each contradiction, and thus making it easier for users to connect 
their specific problem to the generic framework.  
 
2.4.5 TRIZ applications 
Since 1990s when TRIZ was publicly introduced outside Russia, much effort has been 
put into applying TRIZ to various areas. This is especially true after the formation of 
TRIZ Journal in 1996. To date, fruitful results of TRIZ applications have been 
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Table 2.8 References of TRIZ applications 
TRIZ tools References 
Product Design Zhao (2003); Sen et al. (2003); Barbier et al. (2002); Rovira (2002); 
Rantanen (2002); Carter (2001); Nakagawa (2001); Mao et al. (2000); 
Busov et al. (1999); Chiang et al. (1999); Terninko (1998b) 
New Product Development  Sawaguchi (2002); Horowitz (2001c); Clausing (2001); Sawaguchi 
(2001); Kohnhauser (1999); Smith, et al. (1999); Ungvari (1999); 
Domb (1997c); Royzen (1997) 
Process Industry Poppe et al. (2002) 
Technology Evolution and 
Forecasting 
Stelzner et al. (2003); Danilovsky et al. (2003); Abate et al. (2003); 
Petrov (2002); Smolensky (2001); Gahide (2000); Mueller (1999) 
Computer and Software 
Engineering 
Rodney et al. (2002); Rea (2002); Schlueter (2001a); Rawlinson (2001) 
Business Mann (1999b, 2003); Mann et al. (2001a, 2002c, 2002d); Ruchti et al. 
(2001); Blosiu et al. (1996) 
Management Takemura (2002); Ruchti et al. (2001); Skrupskis et al. (2000) 
Quality and Reliability Smith, et al. (1999); Ungvari (1999b); Domb (1998e); Royzen (1998) 
Education and Training Shpakovsky et al. (2002); Schweizer (2002); Marsh et al. (2002); Rivin 
(1998) 
Biology Kaplan (2003); Mann (2001); Vincent et al. (2000) 
Food Industry Oliveira (2001); Winkless et al. (2001); Miller et al. (2001); Domb 
(2001) 
Agriculture Miller et al. (2002) 
Politics Klementyev et al. (1999) 
 
 
With the continuous effort of introducing TRIZ, more and more people get to know the 
power of TRIZ. Nowadays, many companies, such as Ford, Motorola, Procter & 
Gamble, 3M, Siemens, Phillips, and LG (see http://www.triz-
journal.com/whatistriz_orig.htm), are using TRIZ on many levels to solve real, 
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2.4.6 TRIZ limitations 
In the previous sections, the review on the development and the implementation of 
TRIZ provides the picture of “what is TRIZ” and “what TRIZ can help to do”. In this 
section, we review the literature that discusses the limitations of TRIZ.  
  
TRIZ has an inherent trade-off in itself. It consists of a set of knowledge-based 
problem solving tools. However, the huge body of knowledge and heuristics in 
classical TRIZ often overwhelm the learners (Nakagawa, et al., 2003). This will 
certainly inhibit the further introduction of TRIZ over the world. The increasing trend 
of simplifying TRIZ (such as USIT and ASIT in section 2.4.4) is aimed to make TRIZ 
more accessible and understandable to people who are interested in learning TRIZ.  
 
Besides the redundancy and overlapping, incompleteness is also a common drawback 
in TRIZ tools. One of the reasons is the world has moved on significantly since the 
original analysis was conducted when TRIZ was founded. The patents used for 
original TRIZ research have already been outdated. The patterns extracted from those 
patents always fail to reflect some of the critical patterns in the modern industry. The 
TRIZ updating work led by Darrell Mann and his colleagues (see Mann et al., 2003) 
has been aimed to address this issue.  
 
Another drawback pointed out by (Campbell, 2002) is that TRIZ provides only the 
direction of the solution but does not wrap up with a fully calculated solution. To reach 
a final solution, the problem owner will still have to spend a considerable amount of 
time in justifying TRIZ results and carrying out redesigning. Then suspicion arises as 
to whether the final solution works is due to TRIZ or to the careful redesign. 
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Clausing (2001) pointed out that the biggest obstacle to a future wider use of TRIZ is 
the lacking of integration and weak implementation. TRIZ must be surrounded by 




The review of TRIZ tools reveals the following distinct advantages of TRIZ problem 
solving over other methods: 
• Help to find multiple quality ideas in a systematic and efficient manner  
• Generate ideas throughout each of stage of the problem solving process 
• Overcome psychological inertia by formulating an exhaustive set of possible 
solutions 
• Encourage breakthrough thinking, no trade-offs and compromises 
 
The review of TRIZ application confirmed that although the original TRIZ research 
was based on the study of technical problems especially in engineering, TRIZ tools are 
also very useful for developing creative and inventive solutions to problems in many 
non-technical areas such as business, management, education. Because in non-
technical areas, most of the innovations or creative ideas are intangible in nature and 
hard to be patented, it is hard to conduct the patent analysis as that had been done in 
technical areas. Thus it will take some time for TRIZ researcher to improve TRIZ non-
technical problem solving to the same level as technical problem solving. In fact, the 
review of the TRIZ applications in this chapter has demonstrated its promising future 
in non-technical areas.  
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2.5 Conclusion 
This chapter reviews the literature relevant to this research project. The main 
conclusions in each of the areas reviewed are summarized below. 
 
The review in service development and design provides the background on the current 
development status of service development and design research. It is concluded that 
most of the existing service design tools lack the capabilities in resolving problems 
identified in the course of service design. Thus a systematic problem solving approach 
is needed to address the gap in service design literature and the resulted impacts on 
service industries.  
 
The review in problem solving techniques found that, among all of problem solving 
tools which were designed to avoid the psychological inertia in problem solving, TRIZ 
is the best one because it is able to help problem solvers to resolve the most difficult 
problem, that is, one that has unknown cause and unknown search directions for 
resolutions.  
 
The overview on TRIZ methodology provides the understanding of TRIZ through 
several aspects: the basic definition and the problem solving process of TRIZ, the 
development of TRIZ research, the practical applications of TRIZ, and the limitations 
of TRIZ.  
 
The main conclusion of this literature review is that there is a clear need for better 
tools to fill in the gap of systematic problem solving in service design and 
development. TRIZ has been proved to be effective in solving both technical and non-
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Chapter 3: Use of TRIZ in service design 
CHAPTER 3 
USE OF TRIZ IN SERVICE DESIGN 
In Chapter 2, a detailed literature survey was done to provide a clear picture of the on-
going research activities in the areas of TRIZ and service design. The limitation of 
problem solving capacity in traditional service design tools is identified as an 
indication to find a new way to close this gap. In order to achieve this, TRIZ, as a 
creativity method, is introduced to integrate its powerful systematic problem solving 
techniques, into service design. This chapter begins with an investigation of possible 
synergies between TRIZ and service design. The purpose of this examination is to 
identify some potential applications of TRIZ in service domain. The examination 
follows the framework shown in Figure 3.1. Through the comparative review among 
TRIZ, NPD and NSD, several aspects of strong synergy between TRIZ and service 















Literature Scope: TRIZ, NPD, NSD, Product/Service Innovation 
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3.1 Service contradictions 
gy, most problems have their own inherent 
 technical areas, contradictions are more tangible and easier to appreciate. For 
According to TRIZ methodolo
contradictions. A typical contradiction is a conflict in the system. This could the result 
of two conflicting requirements to the same element in the system. It could also be 
resulted from two conflicting elements in the same system. The identification of an 
inherent contradiction is a critical step for TRIZ problem analysis. Once a 
contradiction is formulated, more elaborate TRIZ knowledge-based tools can be used 
to eliminate the contradiction. The resolution of the contradiction can usually lead to 
the resolution of the main problem and many other minor problems as well.  
 
In
instance, in purchasing notebooks, customers find that notebooks with bigger monitor 
screens always come with higher weight. Thus screen size and weight are two 
seemingly conflicting parameters for a notebook. Contradictions are also common in 
non-technical areas, which might seem more intangible and abstract than those in 
technical areas. Table 3.1 lists a few common contradictions in service sectors. Each of 
the contradictions is expressed briefly with the key conflicting terms. For instance, the 
contradiction of “Standardization versus Customization” was a very common problem 
in service industries previously. However, after the introduction of computer 
technology, which enables the individual personalization, the contradiction of mass 
customization is no longer unsolvable any more. Since TRIZ provides powerful toolkit 
to separate contradictions without doing compromises, it might be possible to use 
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Table 3.1 Service contradictions 
Service contradictions Descriptions 
Diversity Services targeted for mass market cater for the needs of a wide range of 
customers, but result in undiffer es. However, Services targeted 
for a niche of market cater for certain segment of customer profile. They are Versus 
Focus 
entiated servic
not good for expanding market share by widening the range of customer 
needs. 
Customization  
Versus act and retain customers from a wide range. However, this will reversely lowers speed of service delivery. Delivery efficiency is one of the 
Standardization 
Customizing service offerings according to the preferences of customer needs 
can attr
most important dimensions in measuring service quality.  
Functionality  
e of e-services. Versus  
Ease of use  
Multi-functional e-service is powerful in problem solving for e-customers, 
but it increases the load of customers to figure out the usag
General information  General (guideline) information gives users general idea, saves them time in 
searching, but can not tell the full story. However, specific, concrete 
information is informative but less focused, simplified and hard to browse. Versus  




formation, whereas customers are not well informed with the operation 
process of transaction, it thus lowers the trust of customer and reduces further 
Transparency 
Secure service ensures the safety of transaction, and privacy of custom
in
usage of the secure service. However, making the operation process 
transparent will reversely enhance the risk of losing confidentiality.  
Industrialization  
Versus  uch less human interaction, and naturally reduces customer loyalty which was usually 
Personalization 
Customers receive convenient, swift online service (e.g., e-banking 
transaction, funds transfer). However, this self-service involves m
established by “tangible” service (e.g., brick-and-mortar bank branches).  
 
 
.2 Service design patterns 3  
edge base which consists of a vast volume of 
base of TRIZ. 
TRIZ has a very powerful knowl
information abstracted from patent analysis. This information is well instilled into the 
creation of several TRIZ tools, such as 40 inventive principles, 4 separation principles, 
patterns of technological evolution, and 76 standard solutions, etc. In this section, 40 
Inventive Principles, which is considered to be the most accessible TRIZ tools, will be 
used to demonstrate how service innovation patterns can be reflected in the knowledge 
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3.2.1 Service redesign categories 
Service redesign is the reconstitution, rearrangement, or substitution of processes that 
00). It is a new avenue for service companies to be 
esign patterns in 40 Inventive Principles 
Categories of Service 
Redesign 
Matching Principles 
make up a service (Berry et al., 20
innovative instead of creating new services. Berry et al. (2000) identified 5 categories 
of service redesign as follows: Self-service, Direct service, Pre-service, Bundled 
service, Physical service (see Table 3.2).  
 




• Make an object s ing auxiliary helpful 
functions 
nergy, or substances 
:  Principle 25: Self-service 
stomer assumes role o
 
erve itself by perform
• Use waste resources, e
Direct service:  
Service delivered to the 
customer’s location 
in
Sepa terfering part or property from an object, or single out 
 o  
Pr ciple 2: Taking out 
rate an in
the nly necessary part (or property) of an object
Pre-service:  
Streamlines activation of 
the service 
 
Principle 10: Preliminary action 
 into action from the 
thout losing time for their delivery 
• Perform, before it is needed, the required change of an object  
• Pre-arrange objects such that they can come
most convenient place and wi
Bundled service: 
Combines multiple services 
to a package 
in
 contiguous or parallel; bring them together in 
in
 
Pr ciple 5: Merging 
• Bring closer together (or merge) identical or similar objects, 
assemble identical or similar parts to perform parallel operations 
• Make operations
time 
Physical service:  
Manipulation of tangible 
associated with the service 
 
Prin
envi , or process to change to be optimal or to find an optimal 
operat ondition 
ciple 15: Dynamics 
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The comparison between these 5 service redesign patterns and the 40 Inventive 
.2.2 Service innovation patterns 
 (Altshuller, 1997) was created to be an exhaustive 
owever, this version of 40 inventive principles is not intended for a complete set of 
Principles indicates that service redesign patterns have actually been incorporated into 
the 40 Inventive Principles of TRIZ as shown in Table 3.2. In fact more than one 
inventive principle can be used to explain the service redesign patterns. The principles 
listed in Table 3.2 are just some examples to illustrate that TRIZ knowledge base has 
actually included a comprehensive set of innovation patterns, which can be utilized by 
service sectors. If service designers can grasp the essence of TRIZ knowledge base, it 




Originally, 40 Inventive Principles
set of innovation patterns in suggesting solutions for resolving technical problems. 
Recent TRIZ research has found that these innovation patterns are also applicable to 
many other non-technical problem solving areas, such as business (Mann, et al., 1999b) 
and quality management (Retseptor, 2003). Hence, besides the incorporated service 
redesign patterns discussed in the last section, it should be meaningful to examine the 
possible applications of other inventive principles in service sectors. With this aim, we 
developed a new set of 40 Inventive Principles (see Appendix A) with illustrating 
examples selected from service sectors.  
 
H
innovation patterns in service industries. On the contrary, through the collection of 
service examples, we find not all of the 40 inventive principles are distinct for service 
industries. For instance, Principle of Homogeneity is much less used in service sector 
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than its reverse, heterogeneity. This is because the combination of intangibility and 
customer participation in service delivery system usually results in variation of service 
from customer to customer (Fitzsimmons, et al., 2001). Therefore, to better apply 40 
inventive principles to service sector, a more tailored version of the principles might 
have to be created. One of the ways to do it is to examine and benchmark across 
different service industries the best practices or service innovations, which imply the 
application of TRIZ inventive principles. This might be helpful to better portrait the 
generic TRIZ innovation patterns in service sectors. 
 
To make the process of mapping appropriate inventive principles more systematic, we 
 
 
goes one step further by linking TRIZ 40 inventive principles with the 13 service 
design factors (Metters et al., 2003). Table 3.3 can help service developers to expedite 
the principle searching process by narrowing down the set of 40 inventive principles to 
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Table 3.3 Linking 40 Inventive Pri ciples with service design factors 
Service Design F
n
actors 40 Inventive Principles 
1 Facility location Principle 1 (segmentation); Principle 2 (taking out); Principle 28 
le 13 
 
(mechanical substitution); Principle 10 (preliminary action); Princip
(do it in reverse); Principle 39 (inert atmosphere); Principle 15 (dynamics)
2 Facility layout  
le 31 
or  
Principle 3 (local quality); Principle 2 (taking out); Principle 6 
(universality); Principle 30 (flexible shells & thin films); Princip
(porous materials); Principle 35 (parameter changes); Principle 32 (col
change); Principle 15 (dynamics) 
3 Product and process e 40 (composite materials); Principle 10 
design 
 
Principle 6 (universality); Principl
(preliminary action); Principle 15 (dynamics); Principle 21 (skipping); 
Principle 27 (cheap disposal); Principle 9 (preliminary counteraction); 
Principle 36 (phase transition) 
4 Scheduling n); Principle 11 (beforehand 
e 38  
Principle 18 (mechanical vibratio
cushioning); Principle 20 (continuity of useful action); Principl
(strong oxidants); Principle 24 (intermediate) 
5 Worker skills taking out); Principle 6 Principle 10 (preliminary action); Principle 2 (
(universality); Principle 24 (intermediate) 
6 Quality control, iversality); Principle 24 
measures, time 
standards 
Principle 1 (segmentation); Principle 6 (un
(intermediate); Principle 21 (skipping) 
7 pacity Principle 1 (segmentation); Principle 22 (blessing in disguise); Principle Demand/ca
planning 19 (periodic action); Principle 25 (self-service) 
8 Industrialization level  Principle 6 
le 27 (cheap  
Principle 1 (taking out); Principle 21 (skipping);
(universality); Principle 28 (mechanical substitution); Princip
disposals) 
9 Standardization (universality); Principle 10 (preliminary action); Principle 16 Principle 6 
(partial action); Principle 22 (convert harm into benefit) 
10 Customer contact iple 15 
ction) level 
Principle 2 (taking out); Principle 25 (self-service); Princ
(dynamics); Principle 24 (mediator); Principle 38 (boosted intera
11 Frontline personnel 
discretion 
Principle 15 (dynamics); Principle 35 (parameter change); Principle 13 
(on the other way around); Principle 16 (partial or excessive action) 
12 Sales opportunity Principle 15 (dynamics); Principle 38 (boosted interaction); Principle 9 
(preliminary action); Principle 31 (porous materials) 
13 Customer ibration); Principle 
participation 
Principle 25 (self-service); Principle 18 (mechanical v
19 (periodic action); Principle 40 (composite materials) 
 
he basis of obtaining Table 3.3 is hundreds of service innovation examples that we 
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which service design factor it is possibly related with. The suggested principles are 
those who are most likely to be useful for design problems related with the 
corresponding service design factors. By referring to the inventive principles, service 
developers can quickly find the most appropriate inventive principles which might be 
helpful to suggest effective solutions. However, the suggested principles provided by 
this table are not guaranteed to be effective. If problem solvers can not find suitable 
solutions, the examination should be extended to a complete set of inventive principles. 
 
3.3 Service conceptual design process
 
 
This section introduces another strong synergy between TRIZ and service design, 
lving process and service conceptual 
iew of NSD process models (Johnson, 2000), most of these 
odels consist of kind of a conceptual design component at the front-planning phase. 
which is the similarity between TRIZ problem so
design process. As a result, a hypothesis that TRIZ can be integrated with service 
conceptualization process is proposed and it thus triggers the later formation of TRIZ-
Service design model. 
 
As indicated in the rev
m
A typical service conceptual design phase usually comprises stages such as idea 
generation and screening, and concept development and testing. The final aim of 
conceptual design is to deliver viable and concrete concepts of new products ready for 
further assessment. Since it is noted that TRIZ provides a set of conceptual design 
tools which can be used to define problems and generate ideas, we hypothesize that 
these tools can be applied to service conceptual design as well.  
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Table 3.4 lists the possible applications of TRIZ tools in service conceptual design. At 
Table 3.4 Integrate TRIZ tools to service conceptual design 
Conceptual 
design in NSD  
Output 
each of these steps such as objective formulation, idea generation and screening, 
several TRIZ tools can be helpful to achieve the stage goal. It also describes how TRIZ 
tools can be integrated throughout the conceptual design phase of new service 
development by highlighting the input and expected output at each stage. This finding 
fully demonstrates the potential of using TRIZ in service developments. In fact, it 
provides us an important signal and confirmation that not only TRIZ can address the 
conceptual design issue in physical product development, but also TRIZ can help to 
design the concept of service products.   
 
Integration of TRIZ  Input 
1. Objectives 
and strategy  
• Ideal final result 
• TOP analysis 
•  
•
• Vision a d Mission 
of service firm 
• 
 




formulation)  Functional analysis 
• Failure analysis  
 Root contradiction 
analysis 
n
• Customer feedback 



















• Multiple TRIZ 
solutions 
Contradict
 Resource analysis 
• 
 Separation Principles 
 Inventi





screening • Patterns of evolution 
• TRIZ solutions • Sorted TRIZ 
solutions 
• Ideal final result 
4. Concept 
development 
e • Selected alternative • y 
service concepts 
• Apply TRIZ tools in th





• Patterns of evolution 
•
concepts 
•   Ideal final result 
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3.4 Conclusion 
The chapter illustrates three strong synergies between TRIZ and service design: service 
e innovation patterns, and service conceptual design process. An contradiction, servic
important hypothesis that TRIZ can be well applied to service conceptual design is 
proposed. This hypothesis suggests that TRIZ can play the role as a systematic idea 
generation mechanism in the conceptual stage of service design. If this idea is feasible, 
the limitations of existing service design tools can be overcome by integrating TRIZ. 
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CHAPTER 4 
TRIZ-SERVICE DESIGN MODEL 
Based on the identified synergies between TRIZ and service domain, and the 
hypothesis that TRIZ can be equally effective in solving service problems, this chapter 
proposes a TRIZ-based service design model. Each stage of the design model is 
described with the integration of corresponding TRIZ tools. Worksheets that can be 
used to facilitate the design process are also provided.  
 
4.1 Conceptual framework 
Based on the literature review and the identified synergies between TRIZ and service 
design, a new generic approach to systematic service design is proposed (see Figure 
4.1). This framework is developed based on the original TRIZ problem solving 
flowchart (Domb, 1998). Since this method is founded on TRIZ, it shares the same 
hypothesis as TRIZ methodology has. The hypothesis is that there are universal 
principles of invention that are the basis for creative innovations that advance 
technology, and if these principles could be identified and codified, they can be taught 
to people to make the process of invention more predictable.  
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Figure 4.1 TRIZ-Service design model 
 
As shown in Figure 4.1, each stage of the model comprises several design steps which 
help to reach the stage goals. The input to the method is an identified service problem. 
At Stage 1, the identified problem is ‘translated’ into the language of TRIZ in order to 
provide insightful information for further problem solving. At Stage 2, the problem is 
structured as typical TRIZ contradictions by using contradiction analysis. TRIZ 
problem resolution tools may then be employed to eliminate the contradictions. At 
Stage 3, the generated ideas are evaluated by using the unique TRIZ criteria of ideal 
final result (IFR). The final output is a list of possible innovative conceptual solutions 
to service design, ready for the further sorting and refinement stage of service design 
Stage 1: Problem Definition 
• Situation analysis 
• Problem modeling  
• Problem formulation 
• Result analysis 
Stage 2: Problem Resolution 
• Contradiction analysis 
• Contradiction elimination
Problem Identification 
New problem occurs 
Solution  found 
Solution not found 
Selected Solutions 
Stage 3: Solution Evaluation 
• Formulate ideal solution 
• Prioritize ideas 
• Formulate local 
constraints 







40 Inventive Principles 
4 Separation Principles 
76 Standard Solutions 
ARIZ 
MAIN STAGES TRIZ TOOLBOX
Ideal Final Result 
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process. If solutions are still not found after contradiction elimination, or some other 
new problems occur after solution evaluation, the problem solving process will be 
iterated back to the first stage to redefine the original situation. In the following 
content, we will describe the 3 stages to more details.  
 
4.2 Problem solving diagnosis and problem identification 
Before using the model, service companies should firstly diagnose the needs of 
problem solving. To address this need, several questions are designed to let service 
companies self-reflect their idea generation or problem solving processes in service 
development (see the Worksheet of Problem Diagnosis in Table B.1). Two example 
questions are listed as follows: 
 
• Do you feel the shortage of the new ideas when you try to solve a problem, or 
develop new strategies to improve the situation in the operations of your 
service organization? 
• Does your service organization have a system/process of idea generation to 
assist service developers to resolve problems?  
 
Sometimes it might not be easy to elicit the right problems to solve. In this situation, 
the Worksheet of Problem Identification in Table B.2 can be used to help service 
developers to identify where might be some places to be improved in the organizations. 
The objective of problem identification is to identify existing problems in service 
operations. Usually the problems can be obtained through some sources such as 
customer feedbacks, and frontline employees (e.g., marketing & sales). The essence of 
the problem identification questionnaire is to elicit from frontline staffs or service 
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managers existing problems or places to be improved in the operations of service 
companies. Some example questions are listed as follows: 
 
• Are you satisfied with the current service operations in your organization?  
• Can the current service offerings in your organization cater to the needs of 
future customers? Do you think any change should be made to redesign the 
current service offerings, or develop new services?  
• What are the problems that customers complain most frequently in recent days? 
 
4.3 Problem definition 
The objective of problem definition is to conduct situation analysis on problems to be 
solved, and then translate the information of problem situation into the language of 
TRIZ. Figure 4.2 is the flowchart of the steps at the stage of problem definition. It 
comprises four steps: situation analysis, problem modeling and formulation, and result 
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Problem Definition Stage TRIZ Toolbox 
Original problems 
 
Figure 4.2 Flowchart of problem definition stage 
 
4.3.1 Situation analysis 
To get an insightful understanding of the problem situation, the Worksheet for 
Problem Situation Analysis (see Table B.3) is provided for use in situation analysis. 
Some example questions are as follows: 
 
• What is the existing problem that you mostly want to solve? Please describe 
briefly. 
• What is the purpose to design a new service to resolve the existing problem, or 
redesign the current service with the problem? 
• What are the known solutions to address the service design problem? Please 




Innovative Situation Questionnaire, 
Ideal Final Result  
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• What are the advantages and disadvantages of the listed known solutions? 
Please discuss and write down them? 
• What is the ideal final result to the problem? 
 
This worksheet is designed to rapidly capture related information which could be 
helpful for the further stages of problem solving. The questions in this worksheet are 
expected to be answered by the person who owns or identifies the problem. It is 
because this person might be the one who understands the problem situation best. The 
answers to the questions can help service designers to understand the problem 
situation. Hence detailed answer of the questions will be very helpful to stimulate the 
generation of innovative solutions in the following problem solving stages.  
 
4.3.2 Problem modeling 
Based on the analysis of the problem situation, further problem modeling and 
formulation can be done by using the TRIZ technique of Problem Formulator (Zlotin 
et al., 2001; Terninko et al., 1998). The purpose of problem modeling is to build a 
function diagram by using function analysis, while problem formulation is to formulate 
an exhaustive set of problem statements on the basis of the function diagram.  
 
The process of building function diagram starts with the identification of necessary 
functions, and follows by specifying the relationships between these functions. 
Function identification can be done by asking what the service does for consumers 
(Berkeley, 1996). Problem formulation classifies system functions into two types: 
harmful functions and useful functions. The identified functions are connected with 
each other in the form of a network of cause-and-effect relationships. Problem 
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formulator names the relationships strictly to be one of the following three types: 
“function A is required to realize function B”, “function A causes the emergence of 
function B”, and “function A eliminates or affects the usefulness or harmfulness of 
function B”. 
 
4.3.3 Problem formulation 
The second step is to formulate problem statements based on the function diagram. 
Formulating problem statements makes solution generation more explicit because the 
relationships between functions are more easily observed than in a traditional single 
problem structure (Terninko et al., 1998). A complex problem is thus decomposed into 
a series of correlated small problems which are easier and more straightforward to be 
solved.  
 
4.3.4 Result analysis 
After problem formulation, professional knowledge should be used to solve formulated 
and decomposed “problem series”. Very often, some solutions or at least some 
indications to possible solutions can be obtained through analyzing problem 
statements.  
 
However, sometimes when the functional diagram is very complex and consists of 
many function components, there would be many problem statements formulated. It 
would be time costly by analyzing each of the problem statement. To deal with this 
situation, Terninko et al (1998) state a set of criteria to select the most profitable 
statements to solve: 
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a) Select the problem with the best cost/benefit ratio. 
b) The more radical the problem, the greater the potential benefit. 
c) It is better to eliminate a harmful cause, than to mitigate results. 
d) The level of difficulty involved in implementation of a solution should be a 
factor in problem selection. Too radical a solution may prove unacceptable, 
depending on an organization’s culture and psychological inertia.  
 
The Worksheet of Problem Formulator in Table B.4 can be used to assist service 
designers to use problem formulator step by step.  Some example questions are as 
follows: 
 
• What are the key function components for the target service, or the operations 
of the service?  
• What is the aim of the target service offering? Based on this purpose, please 
classify the functions into two groups: useful function (UF) and harmful 
function (HF). If possible, please also identify the primary useful function 
(PUF) to achieve the aim and the primary harmful function (PHF) to hinder the 
achievement.  
• Please use cause-and-effect relationship to describe the linkage among the 
function components, and draw the functional diagram. 
• Please review the functional diagram, add in any other essential function and 
delete any redundant function if necessary.  
 
To complete this worksheet, the problem solver must have a clear picture about the 
problem situation, and work closely with TRIZ experts to avoid any misunderstanding 
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of the question statements in the worksheet. In fact, besides problem formulator, some 
other TRIZ tools, such as Tool-Object-Product Function Modeling (Appendix C.3), 
and Substance-Field Analysis, can also be used in defining problems.  
 
4.4 Problem resolution 
After getting through the stage of problem definition, some problems will have already 
obtained satisfactory solutions. The problem definition tools such as Problem 
Formulator are actually effective in analyzing and generating preliminary results for 
problems which can be expressed in simple function diagrams. However, if the 
situation is complicated, the building of a function diagram would be very time-
consuming. This will also probably result in a set of lengthy problem statements which 
will turn out to be very costly to analyze one by one. In this case, problem solver can 
go to the following stage of problem solving, which is problem resolution, in order to 
get more insightful ideas to resolve problems.  
 
Problem Resolution Stage TRIZ Toolbox 
Defined problems 
 
Figure 4.3 Flowchart of problem resolution stage 
Contradiction analysis 
Contradiction elimination 




4 Separation Principles, 
40 Inventive Principles 
76 Standard Solutions, 
ARIZ, 
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The flowchart in Figure 4.3 shows that TRIZ problem resolution stage comprises two 
parts: contradiction analysis and contradiction elimination. Contradiction analysis is to 
identify one or just a few of key problems (inherent contradictions), which are behind 
many other superficial problems within a problem system. The elimination of the 
inherent contradictions will usually lead to the resolution of the superficial problems at 
the same time.  
 
4.4.1 Contradiction analysis 
Contradiction analysis is one of the powerful TRIZ problem solving tools. It is used 
especially when problem formulator is not effective to address a complex situation. 
Through the perspective of contradiction analysis, a challenging problem can be 
viewed as a joint effect of many conflicting features. Among these conflicts, there 
might be only one or just a few core problems (inherent contradictions), which are 
behind many other superficial problems within the same system. The elimination of 
the inherent contradictions will usually lead to the resolution of superficial problems at 
the same time. Therefore, an innovative solution can often be developed to eliminate 
the contradiction from the original system without deteriorating the system.  
 
The purpose of structuring an inventive problem into the form of a contradiction is to 
identify two conflicting components (either subsystems or functions) in the original 
system, or two opposite requirements to the same element/condition of the system. 
Sometimes, contradictions can be found by analyzing problem statements (Terninko et 
al., 1998; Zlotin et al., 2001), defining the Tool-Object-Product in the system (Royzen, 
1999), or simply using the TRIZ technique of root contradiction analysis (Mann, 
2002b).  
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The following two examples are used to illustrate the efficacy of using contradiction 
analysis to eliminate contradictions in service contexts. They demonstrate that the 
adoption of appropriate TRIZ principles is effective and efficient in deriving 
innovative strategies to eliminate contradictions in service design problems.  
 
Example 1: Eliminate contradictions in banking services.  
Before the emergence of Automatic Teller Machine (ATM), people had to go to bank 
for even simple transactions such as cash withdrawal and funds transfer, which often 
incur time for waiting. From the banks’ perspective, they always found it costly to 
handle each of the routine transaction manually. By extracting the core functions 
which essentially perform the transactions in the course of service delivery and then 
standardizing them, ATM offers a breakthrough solution to solve the contradiction of 
“customers had to be present in person at bank in order to withdraw cash, customers 
should not be present because of extreme inconvenience”. In fact, the use of credit card 
as one of the important payment modes and the recent introduction of internet banking 
services all the way follow the same innovation pattern, that is, extracting the functions 
performing the transactions out of physical banks and make them happen as close as 
possible to customers. Moreover, the adding of customer self-service concept into the 
delivery system of banking services also lowers the transaction cost for banks.  
 
Example 2: Eliminate contradictions in managing service capacity and demands.  
Many service industries, such as hospitals, cinemas, and hotels, face the same type of 
common contradiction, that is, service capacity must be big enough to smooth 
customer demand and make more profit. However, their service capacity must be 
limited to a certain level because customer demands always vary with time, and any 
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unused capacity incurs huge cost. By using the principles of “cushion in advance”, 
“separation in time”, “mechanical vibration” and “periodic actions”, some strategic 
decisions can be derived to smooth the demand or vary service capacity with customer 
demands. The examples are using price differentials to encourage off-peak demand, 
advertising early to avoid seasoning rush, using appointments and reservations, or 
employing part-time staff to enhance service capacity temporarily.  
 
The Worksheet of Contradiction Analysis in Table B.5 can be used to guide the 
contradiction analysis. Some example worksheet questions are listed as follows: 
 
• Please list and describe briefly the problems you face in the problematic system 
of target service operations? 
• Which one is the key problem(s) among the listed problems? Please try to 
formulate this key problem in the form of contradiction. 
• Do you think the identified contradiction is the inherent contradiction of the 
problem? If not, please try to re-formulate it again. 
 
One point to emphasize here is that, in many cases, there might appear to be many 
contradictions in one problem situation. The key of contradiction analysis is to identify 
the inherent contradiction. There might be some cases that some problems are hard to 
be structured in the form of contradiction. Then other TRIZ tools such as evolutionary 
pattern analysis might be helpful to address this situation. However, since our method 
is based on the assumption that problem should be able to be structured as 
contradiction, the strategies to address the service design cases beyond this assumption 
need further research work.  
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4.4.2 Contradiction elimination 
After formulating the inherent contradiction, an efficient method to analyze the 
conflicting scenario before applying the formal principles is to intensify the two 
conflicting aspects of the contradiction to two extreme situations (Rantanen et al., 
2002). Very often, some insightful indications may surface by analyzing the extreme 
situations.   
 
Besides the above approaches, an alternative way is to look for solution generators 
from the knowledge base of TRIZ method. TRIZ provides a set of powerful tools and 
principles, such as ARIZ, 40 inventive principles, 76 standard solutions and 
Contradiction Matrix. Among them, the 40 inventive principles and the 4 separation 
principles (Separation in Space, Separation in Time, Separation between the Whole 
and its Parts, and Separation upon Conditions) are considered one of the most effective 
TRIZ problem resolution techniques. Practical applications have proved that these 
principles are not only effective in eliminating contradictions in technical problems 
(Altshuller, 1997), but also they are equally effective in handling non-technical 
problems (Mann et al., 1999a; Terninko, 2001; Retseptor, 2003; Hipple, 1999).  
 
The Worksheet of Contradiction Elimination in Table B.6 can be used to guide 
designers to progress in the activities of contradiction elimination. Some example 
questions in the worksheet are listed as follows: 
 
• Please try to intensify the two conflicting elements of the inherent contradiction 
to two extreme situations.  
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• Analyze the two extreme situations of the contradiction and record the 
indicated solutions from the situations 
• If the contradiction is not eliminated, please refer to the 40 inventive principles 
or the 4 separation principles, and list the possible useful principles. 
 
While using this worksheet, the 40 inventive principles in service operations 
management (see Appendix A) and the inventive principle recommendation table (see 
Table 3.3) might be needed to help service designers to find appropriate ideas for 
problem resolution.  
 
4.5 Solution evaluation 
After eliminating the contradictions, a pool of solution ideas should be generated. 
Since ideas are just generated before this stage and have not yet been fully concretized, 
it is better for service designers to keep ideas and protect them at this fragile stage 
instead of screening them. Thus, the objective of the stage of solution evaluation (see 
Figure 4.4) is to identify which are the best ideas. The technique used frequently in 
solution evaluation is called IFR. IFR is an implementation-free description of the 
situation after a problem has been solved (Domb, 1997). The purpose of IFR is to 
formulate possible ideal solutions that deliver all of the desirable benefits without 
harm, and require no cost to solve the problem.  
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Figure 4.4 Flowchart of solution evaluation stage 
 
After formulating IFR, the work of solution evaluation can be done by checking the 
ideality of generated solutions and prioritizing them in the sequence of increasing 
ideality. Ideality can be measured against four characteristics of IFR, which are 
eliminating the deficiencies of the original system; preserving the advantages of the 
original system; does not make the system more complicated (uses free or available 
resources); and does not introduce new disadvantages.  
 
The most ideal solution should be the one closest to the future evolution of ideality. 
Thus problem solver can select the selected idea to see whether it is feasible to 
implementation. Very often, some refinements have to be done on the original ideas till 
they are accepted for implementation. If the most ideal solution is still not accepted for 
Formulate ideal solution 
Prioritize obtained ideas 
Ideal Final Result 
Formulate local constraint
Implement and refine idea
Selected solutions 
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implementation, alternative idea can be selected for considerations. In case when none 
of the obtained ideas are suitable for implementation, the problem solver has to re-
examine the problem situation and try to re-define the problem from a new perspective. 
In Table B.7, the Worksheet of Solution Evaluation is provided for reference. Some 
example questions are as follows: 
• Please state the ideal final result to address the problem situation.   
• What are the four criteria of the formulated ideal final result? 
• Check the obtained solutions against the four criteria in terms of increasing 
ideality  
• What are the best solutions after evaluating the ideality of the ideas? 
 
4.6 Downstream development 
The final output from the service design framework should be a list of selected 
innovative service concepts ready for assessment. Further work must be done before 
making decision on solution selection, such as concept development and testing, 
preliminary market and business analysis, etc. The obtained quality service concepts 
offer a wide range of viable options which can be helpful to substantiate the initiation 
of new service projects. 
 
4.7 Conclusion 
This chapter proposes a TRIZ-based conceptual framework for service design. A 
detailed illustration of the generic model is provided with the description of using 
TRIZ tools in service design. Further verification of the effectiveness of this design 
model is needed. The illustration suggests that TRIZ can be well applied to address 
service problems in a structured and integrated way.  
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CHAPTER 5 
RESEARCH METHODOLOGY AND CASE STUDIES 
This chapter explains the research methodology that forms the basis of the research 
findings. The reasons and the benefits of adopting case study methodology are 
discussed and stated. Discussions about case selection and data collection method are 
also provided. Then it follows with the detailed illustration of five case studies which 
are selected problems in the operations of Singapore Sentosa Island and 3 different 
subsidies of the National University of Singapore (NUS). These case studies apply 
TRIZ to solve problems in various service contexts.  
 
5.1 Case study methodology 
This research is exploratory in nature because there is no existing systematic theory 
relating problem solving in the literature of service design. To develop theoretical and 
pragmatic insights into the researched paradigm, a qualitative research approach 
involving 5 case studies is employed in this project. Case study research is a well-
established social science research method. Case studies can help build grounded 
theory in areas where initial ideas or hypotheses may change over the course of the 
study (Dougherty, 2002).  
 
Case study methodology suits the goals of this research for three reasons. First, the 
multiple case study approach is well suited for the empirical development of testable 
theories (Eisenhardt, 1989; Voss et al., 2002). It can provide empirical data which 
helps to build grounded theory of systematic service design. Second, Eisenhardt (1989) 
argues that the theoretical insights of case study research arise from methodological 
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rigor and multiple-case logic. In this project, since we have developed a complete 
methodological framework of service design, case study approach can demonstrate the 
utility of the proposed design framework by resolving practical service problems. 
Third, further improvement on the TRIZ-Service design approach can be achieved on 
the basis of feedback collected from case studies.  
 
5.2 Case study plan  
The goal of each case study is to gain an in-depth understanding of problem situation, 
and verify the effectiveness of proposed service design method to resolve or improve 
problem situation. There are a few challenges, such as problem selections, access to 
company, and data collection, met during the process of this empirical study.  
 
5.2.1 Problem selection 
The selection of problems is critical to the verification of the proposed approach 
because the nature of non-technical problem solving is different from that of technical 
problem solving. To select the right problem, initially problems were selected as 
candidate cases. Then the following criteria are considered in the case problem 
selection. First, problems must be service oriented in nature. It can be problems 
identified in the existing operations of service organizations. It can also be some 
potential places that service employees or customers feel to be improved. Second, 
problems with obvious contradictions are considered with priority. Other criteria of 
selecting case problems are ease of access to data and the level of committed 
collaboration from companies. Based on this, 2 case problems in a public resort island, 
Sentosa Island, and 3 other case problems on NUS campus are selected.  
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Another difficulty of problem selection is to select the right problem which contains 
certain degree of complexity, so that if the problem is solved by TRIZ, people can be 
convinced by the power of TRIZ. Otherwise, if the resolved problem is too simple, it 
might not be effective to demonstrate the advantages of TRIZ over other design tools. 
However, very often, it may not be easy to predict the difficulty level that the problem 
belongs to in the Altshuller’s 5 levels of innovation (see Table 2.3). To avoiding 
working on problems with low complexity, we visit every problem situation and 
discuss with frontline staffs or customers to see whether the candidate problem is hard 
and why it has not been solved before making decisions to further work on it. 
Nonetheless, it is not guaranteed that the five case problems included in this study are 
all complicated problems. This is because practical problems all have local constraints. 
A seemingly difficult problem may turn out to be very easy if the key issue is 
understood. Also, a simple problem might be a good example if it is able to fully 
demonstrate the process of TRIZ problem solving.  
 
5.2.2 Data collection 
Before the start of data collection, problem candidates are basically settled after the 
first visits to the sites of problem situation. To obtain more information about the 
problems and the service systems, we approached to service organizations and 
interviewed their frontline staffs and customers. After getting confirmation for the 
commitment of collaboration from either the organizations or customers, we decided to 
work on the case problem and collect in-depth data for further investigation.  
 
To collect data in the respective service systems or problem situations, a variety of 
methods are adopted in the case studies (see Table 5.1). They are observation, 
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interviews and discussions with frontline staffs and customers, and some other second-
hand channels, such as internet, newspaper and public media. In Case 1 and Case 2, the 
main source of information about the two problem situations in Singapore Sentosa 
Island was the local newspaper, The Straits Times. It reported the present service 
problems that Sentosa Island was facing in order to improve its tour operations and 
attract more visitors. A couple of supplemental field visits to the island also provided 
information on about customer experiences and operations constraints.  
 
Case 3 and Case 4 were done in the Department of Industrial & System Engineering 
(ISE) at NUS. Both cases are real problems that happen in the body of graduate 
research students and administration staffs. In the service system, ISE department is 
considered as service provider who tries to offer the best services to the students, who 
are considered as the customers. More than 20 students selected from different 
research offices were interviewed regarding their experiences about the problems of 
office operations and interpersonal communications. Some office administrators and 
supervisors were also interviewed and involved in the discussion with us regarding the 
accuracy of collected data and the feasibilities of generated ideas.  
 
The problem illustrated in Case 5 was based on the information that has been captured 
through observations and daily experiences of us. Through interviews, several 
customers (e.g., students and staff) provided inputs to describe their experiences in 
dining at the university canteen, and their opinions about the feasibilities of the 
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Table 5.1 Methods of data collection used in the case studies 








on the tour 
operations 
Tourists who 
visited the island 
before 
*News on The 
Straits Times 
Case 2 Tourists with visiting 
experiences to 
Sentosa Island 
* Field observation 
on the tour 
operations 
Tourists who 
visited the island 
before 
*News on The 
Straits Times 
Case 3 *Students, senior lab 
administrator and 
supervisor 
* Field observation 







Case 4 Students from 
different labs  
* Observation on the 






Case 5 Students and staffs in 
faculty of 
engineering 
* Field observation 









Items marked with “*” are the primary methods adopted in the corresponding case 
 
After getting enough information that is sufficient to answer questions in situation 
analysis, we used the design model to work out some feasible solutions. In the course 
of following design activities in the defined model, some supplementary information 
might be needed. This required frequent interactions between us and staffs or 
customers in order to obtain their opinions in the design process.  
 
5.3 Case studies 
This section provides five case studies used to verify the effectiveness of using the 
proposed TRIZ-Service design method. These five case studies solved five problems 
from different service operations areas, such as office operations, restaurant operations, 
and communication operations. Two of the selected cases are problems at the 
Singapore Sentosa Island and the other three are selected from problems identified in 
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the student services on the NUS campus. Through these case studies, it is verified that 
the proposed TRIZ-Service design approach can facilitate problem solving in service 
operations and generate quality solutions for implementation. 
 
5.3.1 Case 1: Sentosa car entry scheme 
This case study was aimed to generate some conceptual solutions to improve the car 
entry scheme in a family resort island in Singapore known as Sentosa Island. The 
TRIZ-Service design approach was employed to analyze and eliminate the side-effects 
resulted from the increased number of entry cars to the island.  
 
Case background (adapted from Teo, 2002a) 
In order to attract more visitors and address complaint about its high admission 
charges, the Sentosa Development Corporation (SDC) changed its vehicle-entry 
system in Nov. 2002. Under the new scheme, a visitor driving in pays $2 per person 
and $2 for parking. This does away with the old drive-in, night entry and late-night 
entry schemes, which had car owners paying anything from $6 to $15 to drive to the 
island at various times. However, while this move caters to the needs of some visitors, 
it also causes some serious environmental issues that might affect the brand image of 
Sentosa Island. Facing this situation, how could SDC take effective measures to 
resolve the arising problems caused by the change of car entry policy? By using TRIZ, 
it is possible for us to systematically find some effective solutions. 
 
Stage 1: Problem definition 
The direct impact of lowering car entry fee is that an increasing amount of local people 
who own cars come to Sentosa more often than before. It is especially welcomed by 
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local family who drive to the island in a car. However, the increased number of cars 
also brings some negative outcomes, such as: 
 
• Potential danger to pedestrians and cyclists caused by some vehicles driven at 
high speeds. 
• The quietness on the island is disturbed by the hustle and bustle of mainland 
life which is brought by the increased number of cars. 
• Unpleasant sights caused by some randomly parked vehicles near the beach.  
• When more roads and car parks are paved to cater for the increasing number of 
motor vehicles coming onto the island, lush forests may have to be cleared.  
• Air quality may be affected. Thus the increased pollutants in the air might 
affect the fauna and flora.  
• The increasing traffic problem to Sentosa. 
 
The system regarding the situation of this problem consists of the sub-systems such as 
tourists, cars, operation staff, SDC, and the resource (facilities, operational staff, 
natural surroundings, etc) on the island. The ideal solution should be helpful to 
eliminate all of the problems above while still keep the advantage of attracting visitors, 
and not introducing new problems. The objective for this case is to find effective 
solutions to eliminate the side-effects resulted from the policy of lowering car entry fee 
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HF: Harmful Function HF 




Figure 5.1 Functional diagram of the problem of increased car entries to Sentosa Island 
 
 
A function diagram of the target cycling problem is presented in Figure 5.1 on the 
basis of the obtained information through preliminary problem analysis. According to 
the constructed function diagram, a total number of eleven problem statements as 
follows are formulated.   
 
1) Find an alternative way to obtain [Attract more visitors] that does not require 
[Improve accessibility to the island] and is not influenced by [Deteriorate the 
natural surroundings]  
2) Find a way to enhance the effectiveness of [Attract more visitors] 
3) Find an alternative way to obtain [Improve the accessibility to the island] that 
provides [Attract more visitors] and does not require [Lower car admission 
fee] 
4) Find a way to enhance the effectiveness of [Improve the accessibility to the 
island] 
5) Find an alternative way to obtain [Lower car entry fee] that provides [Improve 





produces produces Improve the 
accessibility to 




Deteriorate the natural 
surroundings (e.g., 
noise, traffic, safety, 
etc.) on the island 
HF UF 
counteracts 
The previous negative 
perception of driving 




entry fee  
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driving to Sentosa is inconvenient and expensive], and does not cause 
[Deteriorate the natural surroundings] 
6) Find a way to enhance the effectiveness of [Lower car entry fee] 
7) Find a way to resolve the contradiction that [Lower car entry fee] should be in 
place in order to provide [Improve the accessibility to the island] and 
counteract [The previous perception of driving to Sentosa is inconvenient and 
expensive], but should not exist in order not to cause [Deteriorate the natural 
surroundings]  
8) Find a way to eliminate, reduce or prevent [The previous perception of driving 
to Sentosa is inconvenient and expensive] that does not require [Lower car 
entry fee] 
9) Find a way to benefit from [The previous perception of driving to Sentosa is 
inconvenient and expensive] 
10) Find a way to eliminate, reduce or prevent [Deteriorate the natural 
surroundings] in order to avoid influencing [Attract more visitors] under the 
condition of [Lower car entry fee] 
11) Find a way to benefit from [Deteriorate the natural surroundings] 
 
The analysis of problem formulations can give some indications, among which some 
of them are insightful, while others may not be practical. The following indications are 
derived through the analysis on the formulated eleven problem formulations: 
• Find alternative ways to attract visitors to the Sentosa Island instead of 
lowering car entry fee (e.g., update old attractions and develop new ones, 
improve service quality, design and provide more innovative service programs) 
 71
Chapter 5: Research methodology and case studies 
• Provide more low cost options for visitors to entry with convenience (e.g., free 
bus, cable car, ferry, cycling, etc.)  
• Find alternative ways to lower car entry fee (e.g., provide free car park space 
outside the Island) 
• Improve the transport system to the Island, therefore make it convenient to visit 
it (e.g., extend the city subway system to the Island)  
• Find ways to prevent the natural surroundings from the impacts from the 
increased car entries (e.g., underground car entry and park) 
 
Stage 2: Problem resolution 
From the perspective of contradiction analysis, the situation could be interpreted as a 
service capacity problem, because it is hard to accommodate so many entry cars at the 
same time. So one of the inherent contradictions in this situation could be formulated 
as that all of the entry cars should be accommodated in order to be in line with the 
policy of lowering car entry fee, yet it is hard to accommodate so many cars because of 
the limited capacity and a series of negative impacts resulted from the increased 
number of car entries. To resolve this contradiction, we can firstly intensify the 
contradiction to two extreme situations, that is, “many cars” versus “few cars”. The 
“many cars” extreme means that all of the cars can be allowed to entry and well-
accommodated. The “no car” extreme means that the entry cars should be separated 
from the natural surroundings on the Island. Based on the indications from the two 
extreme situations, and the analysis on certain separation principle and inventive 
principles, some possible solutions can be formulated as follows:  
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• Principle of separation in space. Build underground car parks to provide more 
space for the increased car entries.  
• Principle of porous materials. Open a special way for car entry (e.g., a sea 
tunnel linking the mainland road with the underground car parks on the island). 
This approach can decrease the damage from car noise and gas pollutants to the 
lowest level.  
• Principle of thermal expansion. Extend the mainland SMRT (city train) system 
to the Island. This will make it very convenient to visit the Island and reduce 
the amount of cars.  
• Principle of segmentation & merging. Customers should be segmented on the 
basis of their needs. Thus a combined set of strategies should be adopted to 
provide multiple access options for visitors who own cars and those who do not 
own cars.  
 
Stage 3: Solution evaluation 
A list of possible ideas to address the car entry problem are formulated through the 
analysis from stage one to stage four. According to the ideal final result, if it is 
possible to open a special channel for car entry, then this concept would be closest to 
the state of ideality. It is because this solution can help to eliminate almost all of the 
problems appearing in the situation without introducing more serious problems. The 
example of constructing sea tunnel might be very costly. So a cheaper and lower cost 
alternative would be more acceptable to address this situation. Another important point 
is that there are still many visitors not preferring driving to the Island. To cater to the 
needs of different visitors, more other access options should be provided. A convenient 
and efficient access means (e.g., SMRT system) will be very attractive to visitors. This 
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might also help to reduce the amount of cars. Therefore, a combined set of effective 




This case example illustrates the effectiveness of applying TRIZ in service design. 
Based on the TRIZ-Service design process, a list of possible solutions which might be 
useful to address the situation faced by SDC were generated. Before adopting any of 
these design solutions, further work needs to be done to analyze the business and 
market feasibilities, and then implement them into the context of the Sentosa Island.  
 
5.3.2 Case 2: Sentosa cycling program to new areas 
This case example was aimed to redesign the existing cycling leisure program with the 
purpose of opening new areas to tourists on Sentosa Island, Singapore. Some 
conceptual solutions were generated through the guidance of TRIZ-Service design 
model.  
 
Case background (adapted from Teo, 2002b) 
To attract more visitors to the Singapore Sentosa Island, the SDC planned to open 
more previously inaccessible areas of the island to visitors. To make visitors better 
enjoy traveling to these new areas, SDC developed a new leisure program where 
visitors can either bring their own bicycles or rent a bicycle from one of three booths 
on the island. Renting a bicycle costs visitors between $4 and $8 an hour. Another 
reason for developing this program was that it is difficult to visit much of the island on 
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foot. For this aim, a project of designing and carving out new cycling paths was 
sponsored by SDC and was completed by September, 2002.  
 
Questions for redesigning the cycling problem  
• How to help visitors who do not like cycling (i.e., it is not a relaxation) or 
cannot cycle (i.e., cycling skill required) visit the new areas?   
• Is it worthwhile to invest in paving cycling paths? Are there any better means 
or supplementary methods to help visitors visit the new areas?  
 
Stage 1: Problem definition 
The advantage of this program of sightseeing while cycling might be its new concept 
for traveling. Some people especially young visitors might prefer this method. 
However, the majority of visitors who come to Sentosa Island may not have exercising 
in mind. Thus they might not be pleased to not be able to enjoy the views in the new 
areas if they do not cycle. Other drawbacks include the added cost to rent the bicycles, 
the investment by the SDC in building cycling paths which might have affected the 
surrounding environment. The operations system of the cycling problem consists of the 
components such as visitors, renting booths, operation staff, bicycles, cycling paths 
and resource on the island. The objective for solving this problem could be to 
formulate effective strategies to redesign the current program or develop a new 
program which can eliminate the existing drawbacks without introducing new harmful 
elements to the original service operations system. 
 
A function diagram of the target cycling problem is presented in Figure 5.2 on the 
basis of the obtained information through preliminary problem analysis.  
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According to the constructed function diagram, a total number of eleven problem 
statements as follows are formulated.   
 
1) Find an alternative way to obtain [Bring visitors to the new areas] that provides 
[Bring exciting experience to visitors], does not require [Offer sightseeing 
while cycling program], and is not influenced by [Those who cannot cycle, or 
do not like it, can not visit new areas] 
2) Find a way to enhance the effectiveness of [Bring visitors to the new areas] 
3) Find an alternative way to obtain [Bring exciting experience to visitors] that 
does not require [Bring visitors to the new areas] 
4) Find a way to enhance the effectiveness of [Bring exciting experience to 
visitors] 
5) Find an alternative way to obtain [Offer sightseeing while cycling program] 
that provides [Bring visitors to the new areas], does not cause [Those who 
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6) Find a way to enhance the effectiveness of [Offer sightseeing while cycling 
program] 
7) Find a way to resolve the contradiction that [Offer sightseeing while cycling 
program] should be in place in order to provide [Bring visitors to the new 
areas], and should not exist in order to avoid causing [Those who cannot cycle, 
or do not like it, can not visit new areas] 
8) Find a way to eliminate, reduce or prevent [Those who cannot cycle, or do not 
like it, can not visit new areas] in order to avoid hindering [Bring visitors to the 
new areas] under the condition of [Offer sightseeing while cycling program] 
9) Find a way to benefit from [Those who cannot cycle, or do not like it, can not 
visit new areas] 
10) Find a way to eliminate, reduce or prevent [Paving cycling paths] under the 
condition of [Offer sightseeing while cycling program] 
11) Find a way to benefit from [Paving cycling paths] 
 
The analysis of problem formulations can give some indications, among which some 
of them are insightful, while others may not be practical. The following are some 
indications based on the analysis of the formulated eleven problem formulations: 
• Find some alternatives to help visitors to enjoy the sightseeing of the new areas 
but not to visit physically (e.g., tapes, pictures?) 
• Design other programs to entertain visitors instead of opening the new areas 
(e.g., develop more attractions in old areas?) 
• Find some alternatives to get visitors around the island instead of sticking to 
the original program of sightseeing while cycling (e.g., cable car, helicopter, 
yacht?) 
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• Try to educate visitors and let them get used to the program (e.g., give rewards 
or discounts for visitors who return to the Island) 
• Find lower cost alternatives to the suggestion of “paving cycling path” (e.g., 
design an air-way or sea-way?) 
 
Stage 2: Problem resolution 
From the perspective of contradiction analysis, the situation can be interpreted as a 
problem to travel route design, which can be one of the core problems behind. It can be 
structured as the contradiction that the traveling path should be present in order to 
direct the visiting with “riding vehicle”, however the “path” should be absent in order 
to increase the flexibility of visiting, save cost for path paving, and lower its effect on 
the natural surroundings. To resolve this contradiction, we can first intensify the 
contradiction to two extreme situations: The path is well-designed and may have more 
functions than just for the use of cycling. For example: the current path can be widen 
for the passing of electric buses or a tram system which can take visitors to anywhere 
on the island. The other opposite scenario is that no path to be provided, which may be 
interpreted as looking for some intangible or flexible paths, or just encouraging 
customers to get there without the need to pave paths. Some examples could be 
offering new means to take visitors to these new areas while adding some fun 
elements, such as introducing yachting, taking cable car, or even on an air balloon, or 
organizing visitors to join an excursion or party to be held at the new areas. The 
equivalent alternative way to obtain the above strategies is to use a set of inventive 
principles such as “another dimension”, “self-service”, “segmentation”, etc., and to use 
the separation principles such as separation in time and separation in space.   
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Stage 3: Solution evaluation 
From the perspective of ideal final result, if the visitors are keen to join the program of 
an excursion or a party held in new areas, and do not mind looking for their own ways 
to get there, this solution might be closest to ideality. However, there must be some 
visitors do not prefer this approach. Hence a mix of possible effective strategies may 
be needed to build a sufficient solution to address the original situation.  
 
Summary 
In this case example, the TRIZ-Service design model helps to generate a list of 
possible solutions which might be useful to address the situation faced by SDC. Before 
adopting any of these design solutions, further work needs to be done to expand the 
solutions into the context of Sentosa Island, and analyze their business and market 
potentials.  
 
5.3.3 Case 3: ISE student office operations  
This case is provided to illustrate how TRIZ can be applied to solve office operations 
problems. By providing a list of useful service strategies, this design method proves its 
capacity in helping the ISE Department at NUS to improve the way of managing 
graduating research students.  
 
Case background 
The ISE Department of NUS currently has approximately 80 postgraduate research 
students. When some of these post-graduate research students are near to the 
completion of their research work (usually at the stage of thesis writing) and begin to 
looking for a job, some of them might choose to convert their status to part-time 
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students. By doing this, they can start working firstly while completing the rest of 
work of thesis writing. These part-time students usually go to work during week days 
and return to campus after work (e.g., at nights or on weekends) to continue their thesis 
writing until final submissions. Due to the continuous intakes of new students and the 
limited numbers of work places, the department finds it very difficult to keep work 
places (i.e., office cubicles) for part-time students. Thus part-time students have to 
vacate their personal belongings from the office. This causes a lot inconvenience for 
these students to complete thesis. Hence, many part-time students tend to delay in 
vacating, bringing some difficulties in office administration. To address this situation, 
a set of problem solving steps are done by following the proposed model.  
 
Stage 1: Problem definition 
The questions of preliminary situation analysis are used to capture the information of 
the problem situation. The students, who are the office users, were interviewed for 
their needs and descriptions of the problems they met in office operations. The office 
administrators, who are the frontline staffs in charge of office operations, were 
interviewed in order to extract information to answer the questions of situation 
analysis. Alone the progress of the study, they were also invited to involve in 
examining the validity of collected data and the constructed functional diagram.  
 
• Objective. The purpose of resolving this problem situation is to find a feasible 
way to meet the needs of both part-time students and coming new students in 
ISE department. The resolution of this problem will not only provide a nice 
work environment for students to work, but also ease the administrative work 
load of department staffs. 
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• System. The system of the problem situation involves the whole ISE 
department, which consists of a number of sub-systems such as people (e.g., 
graduate students, administrative staffs and faculty staffs), physical facilities 
(e.g., research labs, teaching clusters), intangible rules and policies, and many 
other resources in the department.  
• Ideality. The ideal solution should be able to eliminate all of the problems 
stated while still keeping the advantages such as successfully accommodating 
new students and meeting the needs of graduating students, and not introducing 
new problems.  
 
Several function components in the system can be identified through the information 
extracted by the questions in Table B.3. A functional diagram as shown in Figure 5.3 
can be constructed based on the cause-and-effect relationships among the function 
components.  
 
UF UF UF 
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Table 5.2 Problem statements and their practical indications  
Problem Statements Practical Indications 
1) Find an alternative way to obtain the useful function of [Arrange 
new students] that does not require [Provide work enough place 
in existing office] 
2) Find a way to enhance the effectiveness of [Arrange new 
students].  
Find other places for new 
students to work  
Example: Build more labs, allow 
working at home 
3) Find an alternative way to obtain the useful function of [Provide 
enough work place in existing office] that does not require [Ask 
part-time students to vacate their work places] and is not 
influenced by [Part-time students often delay in vacating].  
4) Find a way to enhance the effectiveness of [Provide enough work 
place in existing office].  
Renovate existing offices and 
reduce the average space for each 
people so that more students can 
be accommodated  
5) Find an alternative way to obtain the useful function of [Ask 
part-time students to vacate their work places] that provides 
[Provide enough work place in existing office] and does not 
cause [Inconvenience to further work on thesis] 
6) Find a way to enhance the effectiveness of [Ask part-time 
students to vacate their work places] 
7) Find a way to resolve the contradiction that [Ask part-time 
students to vacate their work places] should be done in order to 
[Provide enough work place in existing office], but it should not 
be done otherwise it will result in [Inconvenience to further work 
on thesis] 
Provide temporary places for 
part-time students to store their 
stuffs after vacating since  
 
Example: Lockers or shelves put 
in offices 
8) Find a way to eliminate, reduce or prevent the harmful function 
of [Inconvenience to further work on thesis] in order to avoid 
causing [Part-time students often delay in vacating] under the 
condition of [Ask part-time students to vacate their work places]  
9) Find a way to benefit from [Inconvenience to further work on 
thesis] 
Find idle resource to resolve this 
problem  
Example: All part-time students 
to use idle resources like teaching 
clusters, at certain time slots, 
such as nights and weekend  
10) Find a way to eliminate, reduce or prevent the harmful function 
of [Part-time students often delay in vacating] in order to avoid 
influencing [Provide enough work place in existing office], and 
causing [Increase the difficulties of administrative work] under 
the condition of [Inconvenience to further work on thesis].  
11) Find a way to benefit from [Part-time students often delay in 
vacating] 
Educate students to vacate in 
time and let students themselves 
resolve the problems  
Example: Establish clear-cut 
office rules and let students be 
aware of the outcome of violation 
12) Find a way to eliminate, reduce or prevent the harmful function 
of [Increase the difficulties of administrative work] under the 
condition of [Part-time students often delay in vacating]  
13) Find a way to benefit from [Increase the difficulties of 
administrative work].  
Keep reminding students office 
rules through some automated 
measures, such as internet, 
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By following the grammar of problem formulator, a total number of 13 problem 
statements as follows can be formulated. Again, office administrators and students 
were invited for separate discussions with us to analyze what might be the ideas 
indicated by problem statements. A list of indications (listed in Table 5.2) is derived 
based on the formulated 13 problem formulations. Among the indications, some of 
them are insightful, while some of them may not be practical at all. The ideas obtained 
through analyzing these indications shows the effectiveness of using problem 
formulator to solve service design problems.  
 
Stage 2: Problem resolution 
Actually after stage 1, several feasible ideas have been generated. For the purpose of 
illustration, the follow-up problem resolution is presented in this section. It can be 
clearly seen that the ideas suggested from the Problem Formulator can also be found 
by using techniques such as 40 inventive principles and 4 separation principles.  
 
In this problem situation, the core problem centers on the availability of work places 
for part-time graduating students to put their personal belongings and complete their 
thesis. From the perspective of contradiction analysis, the problem situation can be 
structured as one inherent contradiction. That is part-time students should have enough 
work place to complete their work, versus to, part-time students should not occupy 
work place in order to leave enough space for arranging new students. These two 
opposing extremes of the contradiction are that plentiful space versus no space 
provided for part-time students. By referring the implications from TRIZ knowledge-
based principles (i.e., 4 separation principles and 40 inventive principles), this 
contradiction can be resolved and some creative ideas can be generated. The following 
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solution statements are derived from the analysis of original abstract meanings of 
corresponding TRIZ principles.  
• Separation in Space. Separate personal belongings of part-time students from 
them. 
• Separation within a Whole and its Parts. Because these part-time students are a 
special group of students, special measures can be taken to administrate this 
group of students apart from the whole student body. 
• Separation in Time. Separate office utilization schedules of part-time students 
away from those of full-time students 
• Self-service. Students should be self-disciplined to obey office ground rules by 
vacating in time. Quite a few means can help to educate students office rules, 
such as printing materials, website notice and mass emails 
• Preliminary Action. Put book shelves or lockers in offices to be used by part-
time students 
• Preliminary Anti-action. Office rules can be instilled on students through 
channels such as memo, website notice and regular email reminder, etc.  
• Skipping. Encourage graduating students to complete thesis as soon as possible 
• Anti-weight. Allow part-time students to use idle resources such as teaching 
clusters. 
 
Stage 3: Solution evaluation 
A number of ideas have already been obtained through the analysis at the last two 
stages. The ideal solution should be able to meet the needs of both part-time and full-
time students, do not introduce new problems, and deteriorate the original service 
systems. This suggested that the solution of setting up book shelves or personal lockers 
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in existing labs might probably be the one closest to the state of ideality, and the most 
feasible and simple one to implement. The discussion with office administrators and 
students also confirmed the feasibility of this solution. In the long run, the department 
should establish mandatory office disciplines to address this issue.  
 
Summary 
This case example illustrates how TRIZ can be applied to design innovative service 
strategies to address problems in service operations. By following the proposed design 
process, a list of possible solutions which might be useful to address the problems in 
ISE department is found. This case also demonstrates an important feature of TRIZ, 
that is, at each stage of TRIZ problem solving, ideas are generated respectively. So 
problem solvers can stop idea searching and go to idea evaluation if they find the ideas 
they have obtained are enough for resolving problems.  
 
5.3.4 Case 4: Dynamic environment for student communication 
This case uses TRIZ to establish a dynamic communication scheme in the ISE 
Department for graduate students to better communicate and capture information. With 
the suggested solutions worked out by the proposed model, the department is able to 
service students better and enhance the quality of study and life in them. 
 
Case background 
With the improving reputation in the world, in recent years NUS has attracted more 
and more international students to join its graduate program. While a diverse student 
body is a great treasure to the University, it could also bring with some potential 
problems if this issue is not properly managed. Among these problems, the 
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communication problem might be one of the most distinct ones. This problem is even 
serious in the body of graduate research students, who usually spend a lot time in 
doing research work in offices.  
 
Stage 1: Problem definition 
This study focuses on the body of graduate research students in the ISE Department. 
Some communication problems were identified through interviews with them. Several 
possible reasons, such as the differences in language speaking, cultural backgrounds 
and limited local networks, etc., can account for the formation of this kind of 
communication gap. The obtained information is expressed in the form as follows to 
answer the situation analysis questions. 
• Objective. The purpose of resolving this problem is to find some feasible 
measures that can assist to create a dynamic communication atmosphere among 
research students in ISE Department so that they can have more active 
communication and understanding with each other. From the perspective of 
service, this will help to improve the experiences of students (customers) 
during their periods of study, and to enable the department (service provider) to 
cultivate higher quality of students (to deliver better service products – 
knowledge). 
• System. The system of the interest of this problem situation should be the whole 
ISE department, which consists of many sub-systems such as people (e.g., a 
diverse body of students which includes graduate research students, graduate 
coursework students and undergraduate students; administrative and academic 
staffs), facilities (e.g., research labs), intangible rules and policies, and many 
other resources (e.g., department website) in the department.  
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• Ideality. The ideal solution should be able to eliminate all of the barriers 
inhibiting students’ communication while still keeping the advantages in the 
existing environment such as the precious resource due to the diversity of the 
student body, the freedom of communication.  
 
 







Find a way to insulate O (the body of graduate research 
students) from the harmful action F (the inertia, 





Find a way to counteract the harmful action F (the inertia, 




Find a way to protect O (the body of graduate research 
students) from the harmful action F (the inertia, 
resistance for communication, etc.) by introducing a 




Find a way to modify T (various factors such as the 
differences in language speaking, cultural background 
and research area, etc.), which is the tool or the source of 
the harmful action F (the inertia, resistance for 
communication, etc.), to turn off the harmful action. 
 
 
Find a way to modify O (the body of graduate research 
students) to be non-sensitive to the harmful action F (the 
inertia, resistance for communication, etc.). 
 
 
Find a way to alter the amount of the zone of the harmful 
action F (the inertia, resistance for communication, etc.), 
its duration or both to decrease the harmful action or 






 SX = ?
 SX = ?
 
 SX = ?
 
Based on the information, one of the TRIZ analytical tools, TOP function modeling, is 
employed to model the situation of this communication problem and formulate 
possible solution directions to resolving this problem. In this case, we analyze and 
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model the original problem through the perspective of eliminating a harmful action. 
Based on the directed ways of eliminating harmful actions defined by Royzen (2002), 
a set of modeling patterns and problem statements can be formulated as shown in 
Table 5.3.  
Table 5.4 The interpretation of the formulated problem statements 
Problem Statement Interpretation Examples 
1) Create an easy communication culture or 
atmosphere in the department, which can prevent 
students from negative influences from the 
differences in language speaking, cultural 
backgrounds and research areas.   
Increase the degree of diversification in the 
student body (in the class, in the research 
labs); office rotation;  
2) Create opportunities to trigger the communication 
among the students, which can help students to get 
more understanding with each other, eliminate and 
overcome the existing intangible barriers and gaps 
in their minds for communicating with others.  
Regular discussion meeting on various life 
topics; new students welcome party; rotating  
presentation for home culture introduction; 
collaborate research project 
3) Not applicable Not applicable 
4) Modify the use of communication language, or 
modify their cultural background, or modify the 
diversification of student body, which can help to 
elimination the feels of inertia, incompatibility, 
resistance in students.  
Make speaking English mandatory in office; 
only admit local students (no communication 
problem), or admit more international 
students from more countries (i.e., the 
student body in U.S. universities) 
5) Educate students more on the aspects of culture, 
interpersonal communication skills, so that they can 
be adapted to the culture and the life in Singapore 
soon, and get on well with others happily. 
 
Help international students to adjust their 
mindset by giving them lectures or seminars 
or other forms of education so that they can 
learn the Singapore culture as more and fast 
as possible. 
6) Increase the varieties, frequency and duration of 
communication activities 
 
Support the establishment of ISE graduate 
student committee, which can organize 
department-wide activities, such as 
recreational activities (introduce hometowns, 
share different views, learn language from 
each other), welcome parties for new 
students, outing, sports competition, etc. 
 
The analysis of the problem formulations can give some practical indications, which 
are listed in Table 5.4. They are derived based on the 6 formulated problem statements. 
The in-depth analysis of these indications shows that TOP function modeling is 
effective to define and resolve service design problem as well as Problem Formulator. 
 88
Chapter 5: Research methodology and case studies 
Stage 2: Problem resolution 
This problem is multi-facet. It involves several issues such as cultural background, 
language speaking habit, student management and department policy, etc. Thus it is 
very hard to identify an underlying or inherent problem which is beneath the problem 
situation. Another reason for the difficulty of formulating a contradiction is the 
strategic nature of this problem. Comparatively, problems with more operational 
details are much easier to be defined by contradiction analysis than those who are 
relatively aggregated. Although contradiction is hard to be identified in the problem 
situation, the knowledge base information from TRIZ is still useful in generating 
solutions.  
 
• Separation in Space and in Time. Construct a dynamic student body by 
organizing a series of activities which are held at different time and space 
occasions so that the students are no more confined to the limitation of research 
labs. Examples can be some interactive events that come in different forms 
(i.e., regular research discussion, recreational activities, e-forum discussion) 
• Self-service, Anti-weight and Nested doll. Establish a student committee with 
the support from the department. Nobody more than students themselves 
understand what the needs they have, and how to resolve the problems. Thus 
student committee can do a great favor for the department to manage the 
students,  
• Feedback. The student committee members, as the representatives of the 
students, will regularly feedback the voice of students to the department, so that 
problems can be addressed in time. 
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• Preliminary Anti-action. Increase the diversity of students in every research lab 
so that students are more likely to communicate with each other; or admit more 
international students to balance the minorities. 
• Beforehand Cushioning. Try to provide some channels to educate students with 
more culture knowledge so that they can understand the culture of each other 
better and faster. Examples: introduce new student at welcome party; regular 
presentation among students to introduce their countries, hometowns to others. 
• Periodic Action. All of these interactive activities should be held on a regular 
and periodic basis.  
• Turn lemons into lemonade. Instead of being considered a potential factor for 
the formation of communication barriers, the diversity of student body should 
be taken as a precious resource and good opportunity for students to learn from 
each other. 
• Merge. Students having similar interests can be organized to facilitate the 
communication. Examples: regular research discussion group such as ORG, 
EMG; badminton competition; collaborated research project. 
• Dynamics. A dynamics student body in classes, labs, and meetings is helpful to 
trigger effective communication. 
• Thermal Expansion. Invite people outside the department to have open dialogs 
or discussions with students so that they have more opportunities to expose. 
This will also help students to improve their communication skills. 
 
Stage 3: Solution evaluation 
Among the obtained solutions, the establishment of graduate student committee to 
address the communication problem might probably be the best solution closest to the 
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state of ideality. It involves least cost but best utilizes the existing resources of 
students. Moreover, nobody more than students themselves understand their own needs 
and the ways to resolve the problems.  
 
So far there is no graduate student committee in the ISE Department. To implement 
this approach, firstly support must be obtained from the department. The committee 
members are selected from the body of international students. They are in charge of 
organizing some activities. Some examples can be holding research discussion 
sessions in collaboration with the existing research groups; organizing recreational 
events such as sports contests, new students welcome parties, so that students can get 
to know each other much better.  
 
Summary 
This case example illustrates the effectiveness of applying TRIZ in creating an active 
communication atmosphere in ISE department. Under this atmosphere, the students, as 
the customers of the university, can have a better opportunity to expose and understand 
others. This will be definitely helpful for them to improve their communication skills 
and even enhance their study and work experience on campus. In the long run, it will 
also improve the research capabilities of the research students so that the outcome will 
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5.3.5 Case 5: NUS Techno-Edge Canteen Operations 
With the aim of addressing dining needs of students on NUS campus, this case 
provides several new conceptual solutions to improve the food supply operations in 
one of the NUS canteens, Techno-Edge canteen. If these new services can be launched, 
they can probably help to enhance the satisfaction of students and staffs to the service 
of the canteen. 
 
Case background 
Techno Edge canteen is one of the canteens on NUS campus. The food outlets in the 
canteen open from early morning to 6:30pm in weekdays and close on weekends and 
public holidays. Since it is not convenient to buy food elsewhere after the operation 
hours of the canteen, some students demand for extending the operation time of the 
food outlets. However, extending operation time would not be welcomed by existing 
operators of food outlet because it is not cost-effective.  
 
Stage 1: Problem definition 
The situation information was captured through the observation and interviews with 
students and staffs who dine at Techno Edge frequently. The operations of the canteen 
and food outlets were also investigated through interacting with canteen operations 
staffs. The obtained information was processed based on the situation analysis 
questions.  
 
• Objective. The purpose of improving this situation is to find some effective 
measures to improve the food supply in NUS Techno Edge canteen so that the 
dining needs of all students and staffs can be met.   
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• System. The system of the interest of this problem situation is university wide. 
The centre of the system is the Techno Edge canteen which includes all of the 
physical facilities, operators, and other resources in the canteens. The 
customers to be served in the canteen are the students and staffs on NUS 
campus.  
• Ideality. The ideal solution should be able to eliminate all of the existing 
problems on both sides of customers and canteen operators at as little cost as 
possible.  
 
By using Problem Formulator, a set of events is extracted and linked with each other at 
the cause-and-effect relationships in Figure 5.4. Accordingly, a total number of 11 
problem statements are formulated in Table 5.5. Some preliminary examples are also 
attached as practical interpretations of the abstract indications.  
 
UF UF UF 
 
 












Limitation on operation time 
is required to Food outlets run by 
contracted operators  
is required to 
Meet the dining 




Late comers fail to buy food 
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Table 5.5 The interpretation of the formulated problem statements 
Problem Statements Practical Indications 
1) Find an alternative way to obtain the useful 
function of [Meet the dining needs of students 
and staffs] that does not require [Fresh cooked 
food] and is not influenced by [Later comers fail 
to buy food] 
2) Find a way to enhance the effectiveness of [Meet 
the dining needs of students and staffs] 
Find alternative ways of delivering food, or 
replacements of fresh cooked food, so that 
people can come and buy at anytime 
Examples: Direct sale of ordered food; 
Automated vendor machine; Canned food; 
Provide office pantry so that students can cook 
or heat food, etc. 
3) Find an alternative way to obtain the useful 
function of [Fresh cooked food] that can provide 
[Meet the dining needs of students and staffs] 
and does not require [Food outlets run by 
contracted operators] 
4) Find a way to enhance the effectiveness of [Fresh 
cooked food] 
Find alternative ways to obtain fresh cooked 
food without relying on contracted operator.   
 
Examples: Contract with off-campus operators 
who can operate without time constraints.  
5) Find an alternative way to obtain the useful 
function of [Food outlets run by contracted 
operators] that provides [Fresh cooked food] and 
does not cause [Limitation on operation time] 
6) Find a way to enhance the effectiveness of [Food 
outlets run by contracted operators].  
7) Find a way to resolve the contradiction that 
[Food outlets run by contracted operators] should 
be established in order to provide [Fresh cooked 
food], but it should not be established in order to 
avoid causing [Limitation on operation time] 
Find alternative ways to operate existing food 
outlets without time constraints  
 
Examples: Encourage a few existing operators 
to extend operation time  
8) Find a way to eliminate, reduce or prevent the 
harmful function of [Limitation on operation 
time] in order to avoid causing [Later comers fail 
to buy food] under the condition of [Food outlets 
run by contracted operators]  
9) Find a way to benefit from [Limitation on 
operation time] 
 
Find alternative ways to serve customers 
without time constraint 
 
Examples: New packaging way to sustain the 
freshness of food so that operators can cook 
food on order firstly, and then deliver to 
designated places where customer can collect 
foods. 
10) Find a way to eliminate, reduce or prevent the 
harmful function of [Later comers fail to buy 
food] in order to avoid influencing [Meet the 
dining needs of students and staffs] under the 
condition of [Limitation on operation time] 
11) Find a way to benefit from [Later comers fail to 
buy food] 
Find some means to squeeze customer 
demands cycle  
 







Chapter 5: Research methodology and case studies 
Stage 2: Problem resolution 
It is not difficult to identify the two conflicting aspects, which are the operation time of 
food outlets and customer demands, in the original system. Thus the contradiction can 
be structured as that operation time should be long enough in order to meet the dining 
needs of students and staffs; however, operation time should not be long because it is 
not cost-effective to food outlet operators. The essence of eliminating this 
contradiction is to take effective measures to either stretch the operation time of 
service capacity, or to condense, concentrate the demands of the customers. Based on 
the extreme situation analysis and combined with the 4 separation principles and 40 
inventive principles into analysis, we can find out some useful results to eliminate the 
contradiction and also other supplementary measures by interpreting some of the 
principles in the problem context. It is interesting to note that some insightful 
indications that have been obtained at stage 2 can also be found here.  
 
• Separation in Space. Separate the food preparation from food supply by 
contracting food preparation to off-campus operators and using phone ordering, 
direct deliver, or other means to supply food in batches to campus. 
• Separation within a Whole and its Parts & Segmentation. Segment the dinning 
needs of customers into different types and patterns; categorize those who have 
particular needs such as late dinning and provide special service to serve them.  
• Separation in Time. Divide the operation of canteen food outlets into two parts, 
which are day-time operation and night-time operation, so that other operators 
can use the existing outlets to operate in night 
• Self-service. In the deliver-on-order service, customer can collect the ordered 
food by themselves at some designated collecting points; Provide pantries in 
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offices so that late dinners can self-resolve their problems by cooking or 
heating their own food.  
• Preliminary Action. Set up some complementary measures, such as providing 
automated food vendor machines, renovating pantries, to relieve peak hour 
demands and also meet the needs of late comers.   
 
Stage 3: Solution evaluation 
The ideal solution to address this food supply situation should cost less, provide 
maximum benefit to the targeted system. In the ideas obtained as a result of previous 
steps, the seemingly simplest solution is to look for one or two of outlet operators to 
extend their operation time. Alternatively, new contract operators can be introduced to 
take over this business. To implement this idea, support must be obtained from the 
University to give bonus for these operators who serve students and staffs at night. The 
other way around to address this problem is to launch a new service on campus, that is, 
food ordering service. Students and staff can order their food through telephone. The 
food can be prepared by contracted operators who can be either from existing canteens 
or from off-campus restaurant. The ordered food can be delivered to designated 
collection points, or delivered directly to offices by charging a few more service fee.  
 
Summary 
This case example illustrates the effectiveness of applying TRIZ in creating an active 
communication atmosphere in ISE Department. Under this atmosphere, the students, 
as the customers of the university, can have a better opportunity to expose and 
understand others. This will be definitely helpful for them to improve their 
communication skills and even enhance their study and work experience on campus. In 
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the long run, it will also improve the research capabilities of the research students so 
that the outcome will in turn to benefit the whole university.  
 
5.4 Conclusion 
In this chapter, an empirical study which includes 5 practical case studies is provided 
to verify the effectiveness of the proposed TRIZ-Service design model in solving 
service problems. As can be seen in the processes of solving various case problems, a 
number of ideas were generated systematically by following the defined steps. This 
confirms the hypothesis that TRIZ principles are universal to non-technical problem 
solving as well as technical problem solving. With further conceptualization analysis, 
these ideas can be developed into fully-fledged new service concepts, which are ready 
for the examination of business and market potentials.  
 
 97
Chapter 6: Results, discussions and implications 
CHAPTER 6 
RESULTS, DISCUSSIONS AND IMPLICATIONS 
This chapter summarizes obtained empirical results drawn from the 5 case studies, and 
responds to the objective of this project defined at the very beginning. The discussion 
section summarizes the contributions of this study, and positions the main contribution 
of this project is on the methodological development of both TRIZ and service design 
research. Also, some insightful managerial implications are stated as the impacts that 




The five case studies illustrated the effectiveness of using TRIZ to solve problems in 
different service areas: tour operations, leisure program design, office operations, 
restaurant operations, and communication scheme design. This empirical study verifies 
the hypothesis as follows: 
 
• TRIZ can be applied to solve service-oriented problems; 
• With appropriate modifications (e.g., 40 Inventive Principles in service sector), 
using TRIZ in service product design can be as effective as using TRIZ in 
physical product design; 
• Service innovation patterns can be extracted through analyzing best practices in 
service industries. The collection of these innovation patterns can be helpful to 
suggest innovative solutions in developing new services.  
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Asides from confirming the hypothesis, all of the five case studies reflect the typical 
features of TRIZ problem solving. The first one is systematic innovation. In all of the 
five cases, by following the defined activities in the TRIZ-Service design model, we 
can always find a number of possible solutions in a systematic manner. This 
demonstrates why TRIZ can help to overcome psychological inertia existing in the 
minds of service designers. The second distinct feature is that ideas are generated 
throughout the entire problem solving process. At each stage of every one of the five 
cases, we can work out many ideas by using tools listed in the model. Since TRIZ has 
this feature, when implementing the TRIZ-Service design approach in designing new 
service concepts, service developers can stop whenever they feel the obtained ideas are 
more than enough for solving problems, instead of going all the way to the last step.  
 
Another important result of the study is to identify the necessity of incorporating more 
TRIZ tools in the TRIZ-Service design model. Table 6.1 reflects the various TRIZ 
tools used in the five case studies. It is noted that 40 inventive principles, 4 separation 
principles and ideal final result are well applied regardless the type of problem. This 
right confirms the universality of TRIZ knowledge base. In case 4, however, problem 
formulator and contradiction analysis can not to define the problem and structure the 
problem into contradiction. Probably it is because the relationships and interactions 
among the different intangible components in the service system of Case 4 are very 
complicated and thus hard to be determined. Thus in Case 4, TOP function modeling 
was suggested to address the problem as the alternative problem definition tool. This 
situation is actually possible in original TRIZ problem solving. Classical TRIZ has 
other tools, such as Patterns of Technology Evolution or Directed Evolution in other 
words, etc, to address problems that are not appropriate to be structured as 
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contradictions. Hence, to make the developed service design model more robust, and 
be able to solve more types of service problems, further research has to be done to 
integrate more TRIZ tools and its knowledge-based information in service design.  
 
Table 6.1 The usage of TRIZ tools in case studies 
Model Stage TRIZ Tool Case 1 Case 2 Case 3 Case 4 Case 5 
Problem formulator O O O X O Problem definition 
TOP function 
modeling X X X O X 
Contradiction 
analysis O O O X O 
40 inventive 




principles O O O O O 
Solution 
evaluation 
Ideal final result O O O O O 
“O” means the tool is used in the corresponding case; “X” means the tool is not used in the 
corresponding case. 
 
In sum, the obtained results fulfill the objective of this research project defined at the 
opening chapter. The main activity involved in service design is idea generation. 
Despite its importance to the overall service development process, idea generation has 
not been addressed adequately by researchers (Bowers, 1989; Edgett, 1996; Kelly et 
al., 2000). Hence, service developers often used ad-hoc processes (Metters et al., 2003) 
and tended not to engage in formal ways of idea generation (Easingwood, 1986). 
Often, idea generation was largely dependent on the experiences of frontline staff or 
customers. One potential pitfall of such practice is that the novelty and the quality of 
new service ideas are severely affected due to the psychological inertia in the thinking 
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of human kind, which focuses the mind on what is known, i.e., along the assumed 
search direction, thereby keeping the solver from the right solution (Savransky, 2000).  
 
To overcome this limitation, one possible way is to identify and establish a systematic 
and operational mechanism in idea generation. This project summarizes one such 
effort by proposing a new approach to new service design using TRIZ. By achieving 
this goal, at the same time, this project explores the research opportunity of 
conceptualizing and testing design for implementation tools and procedures focused on 
NSD (Menor, et al. 2002). 
 
6.2 Discussions 
TRIZ is a unique way of systematic thinking. With a powerful knowledge-base as 
foundation, TRIZ contrasts with all other problem solving tools by its distinct 
capabilities in generating breakthrough ideas and delivering solutions without 
compromises. Decades of practices has proved TRIZ to be effective and efficient in 
technical problem solving. To date, the avenue of non-technical problem solving is 
getting more and more attention from TRIZ researchers. As identified as a research 
opportunity in this project, new service development, one of the primary areas in non-
technical field, has still remained unexplored before by TRIZ researchers, whereas 
TRIZ has been widely used in physical product design. In fact, service sector has much 
potential to benefit from this breakthrough problem solving method. With this aim, this 
project applied TRIZ to resolve service problems. The successful applications in this 
study confirm the premises that TRIZ knowledge base is universal to a wide scope of 
problem solving.  
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Besides the contribution to the development of TRIZ methodology, the proposed 
approach also contributes significantly to the literature of service design. This TRIZ-
integrated approach can help service developers to overcome their psychological 
inertia and generate many new and even breakthrough ideas throughout the process of 
service conceptualization. It is the key point that the TRIZ-Service design approach 
differentiates itself from other tools. Conventional service design tools mainly focus on 
problem definition and rely over much on the past experiences of service developers 
rather than offering distinct problem solving capabilities to them.   
 
The distinct advantages of TRIZ over other methods are verified in the empirical cases 
under different service contexts. In Case 1, the problem of Sentosa Island car entry 
scheme can be structured as an inherent contradiction in its service capacity. The 
elimination of the key contradiction with solutions suggested by innovation and 
separation principles can also resolve other problems, such as eliminating environment 
deterioration and improving island accessibility. In Case 2, the island cycling program 
is redesigned with suggested supplemental programs which can cater for the needs of 
other visitors who might not be interested with cycling while sightseeing. The entire 
problem is boiled down to an inherent contradiction on island travel route design. The 
elimination of the contradiction provided with us many insightful solutions to address 
the situation faced by SDC. In Case 3, we use problem formulator to capture and 
define the office operations problem systematically. Then the structured information 
reveals the inherent contradiction between the needs of part-time students and office 
administration rules. When getting this insight, some simple and obvious solutions, 
such as providing temporary storage space, or establish long-term office regulations, 
can be suggested. In Case 4, TOP function modeling is introduced to define the student 
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communication problem which is very intangible in nature. TOP modeling successful 
captured cause-and-effect relationship among the different components in the 
communication system, and suggested several directions of possible solution to 
address this problem. The entire process was caught out in a pre-defined and 
systematic manner. In Case 5, TRIZ tools reveal the inherent contradiction between 
customer dining needs and the canteen operations time. Based on the recommendations 
from 4 separation principles and 40 inventive principles, some innovative service 
ideas, such as contracting some night food outlet operators, establishing direct sales & 
order system on campus, were suggested.  
 
In all of the five cases, ideas are generated throughout the entire service design 
process, or problem solving process in other words. In sum, we realize the systematic 
innovation in service design by combining domain service expertise with TRIZ 
systematic guidance, which is able to deliver an exhaustive set of innovative 
directions.   
 
6.3 Managerial implications 
Based on the results, there are several managerial implications that can be obtained in 
this study. First, as shown in the empirical cases, this systematic method is able to help 
service developers to formulate effective strategies to address problems in service 
development. This method can replace the traditional ad-hoc practices frequently used 
in developing new services in many service companies. Hence service companies are 
likely to enhance their capacity of delivering innovative service offerings, shorten 
service development cycle and time-to-market, and thus be able to keep a competitive 
position in the global market. 
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Second, since this method is based on the nature of efficient problem solving, it can 
play the role as a fast remedy system for service recovery. In case that any service 
design problem which results in the reduction of customer loyalty, this system can be 
for service providers to rapidly analyze the problem scenario and formulate a series of 
effective measures to fix the problem. This efficiency will be important to earn back 
customers loyalty by solving service problems in time.  
 
Third, having a powerful knowledge base which consists of a collection of innovation 
patterns, TRIZ can help practitioners to develop new services by leveraging on 
previous innovation, thus avoiding reinventing the wheel. In fact, service organizations 
can consider tailoring TRIZ tools and further enhance the effectiveness of the 
knowledge base by benchmarking the best service practices across different industries.
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CHAPTER 7 
CONCLUSION AND FUTURE RESEARCH  
In this concluding chapter, a summary of this research project is presented. It discusses 
the impact of the research findings on both the literature of service development and 
TRIZ. The possible influences on industrial practices in service design are also 
analyzed. Furthermore, it discusses some limitations in this study and recommends 
future directions to continue this study.  
 
7.1 Major findings and contributions 
The literature scope of this study covers two main areas: service design and TRIZ. The 
literature review identified the lack of systematic problem solving capabilities in 
existing service design tools. To close this gap, TRIZ is introduced and integrated into 
the conceptual stage of service design. A TRIZ-Service Design Model is accordingly 
developed. By following the defined design activities and steps, service developers are 
able to generate new service ideas and resolve service problems in a systematic manner. 
Psychological inertia is not a barrier to service problem solving any more. Creativity 
and innovation in service development no longer merely rely on inspiration, luck and 
flair. By achieving this, we make it possible to realize the scenario of systematic 
innovation in service design. This systematic way of thinking may probably be 
extended to other phases of service development, such as market and business analysis. 
In sum, the finding of this research project is a methodological contribution to the 
development of new service design. Also, it has a strong indication to the further 
development of systematic NSD theory.  
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Besides closing the gap in service design, the finding of this study is also a 
methodological contribution to the development of TRIZ methodology. As stated in 
the literature review, it is the very first and successful application of using TRIZ to 
resolve problems in service sectors. The interpretation of 40 Inventive Principles with 
service-oriented examples is the best one to explain this contribution. Since service 
problem solving is one kind of non-technical problem solving, this research project 
opens a new avenue to TRIZ researchers to explore the viability of applying TRIZ. As 
an exploratory research, this study not only encourages TRIZ people to further enhance 
the effectiveness of using TRIZ tools in service problem solving, but also provides a 
successful example to guide TRIZ people how to apply TRIZ to a new area, especially 
a new non-technical area. Therefore, the finding of this study confirms the hypothesis 
that, TRIZ, as a universal creativity method, can be widely used in solving a wide 
range of problems. 
 
Meanwhile, the finding of this research project can have much influence on the 
industrial practices of service development. Previously, service practitioners relied on 
ad-hoc process to develop new services instead of adopting service design tools and 
NSD models. It was because those tools are not able to resolve problems that they 
identified effectively, and most of NSD models are too aggregated and not specific 
with operational details. The proposed TRIZ-Service design model is a systematic 
approach which should overcome the limitations of conventional tools and models. 
The results drawn from the five empirical case studies indicate that by implementing 
this TRIZ-Service design model, service organizations can introduce a formal idea 
generation mechanism into their service development process. This can significantly 
shorten the service development life cycle, reduce development cost and time to 
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market. More importantly, since this approach can help to find an exhaustive set of 
possible ways of innovation, service developers can avoid reinventing the wheel by 
evaluating all possible new ideas and making decision to work on the right one. In fact, 
service organizations can further enhance the effectiveness of the model by 
benchmarking the best service practices across different industries and developing a 
more company-specific knowledge base of service innovations.  
 
7.2 Limitations and recommendations for future research 
Since this study is exploratory in nature, there are some limitations that are identified 
and can be considered as directions for future research. First, TRIZ was originally born 
to solve technical problems. All of the principles, laws, and problem solving tools are 
designed to solve technical problems. The foundation of TRIZ knowledge base is 
derived from the analysis of millions of world-wide patents, among which most of 
them are patents to resolve technical problems. Hence, simply using TRIZ based on the 
incremental modification of the technical version would have great limits for further 
improvement. To concretize the research of TRIZ application in non-technical areas, 
more work must be done to enrich the collection of innovations, and identify the 
patterns of innovation in corresponding areas. For instance, in service development, 
service product is different from physical product because of its unique characteristics: 
intangibility, heterogeneity, simultaneity, customer participation, perishability, etc.  
Thus the evolution patterns of service innovations might probably be different from 
those from technology perspective. 40 classical principles might not be as significant 
to technical problem solvers as it is to service designers. It needs to be simplified or 
extended in many aspects based on the analysis of service innovations.  
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Second, a new service problem solving model is developed in this study. However, it 
is not capable to solve all problems in service design due to the inherent drawbacks in 
its theory part. Anyway, this research opens a new window to service industry, that is, 
expert system can be enhanced by looking around the innovations that other industries 
use. By benchmarking with the top players in other industries, service companies 
might probably get more inspirations, radical solutions to solve problems, and greatly 
improve their performances.  
 
The last point is that the findings obtained from case studied signal that the process of 
service design can be better planned and controlled with formalized operation 
procedures. It also indicates that this mechanism of formalization might probably be 
extrapolated to more other development stages such as business analysis and market 
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APPENDIX A 
40 INVENTIVE PRINCIPLES WITH EXAMPLES IN 
SERVICE OPERATIONS MANAGEMENT 
In the recent development of TRIZ research, much effort has been put in extending 
TRIZ to a broader application, especially the application in non-technical areas. So far 
several TRIZ tools have been found to be equally effective in addressing non-technical 
problems. A good example is that 40 Inventive Principles has recently found its 
applications in quite a few areas, such as business (Mann, et al., 1999), quality 
management (Retseptor, 2003), etc. This obviously signals the viability of using TRIZ 
in more areas, and the promising future of TRIZ development.  
 
As one of the deliverables of this research project, we interpret 40 Inventive Principles, 
which is considered to be one of the most accessible and useful TRIZ tools, with the 
examples in service operations management. Service development is differentiated 
from physical product development because of the unique characteristics of service 
products, such as customer participation, simultaneity, heterogeneity, intangibility and 
perishability, etc. This determines that the resolution of problems in service operations 
requires a tighter coupling between marketing and operations aspects.  
Principle 1. Segmentation  
A. Divide an object or system into independent parts.  
o Service packages can be divided into several components: supporting 
facility, facilitating goods, explicit services and implicit services [2].  
B. Make an object or system easy to disassemble.  
o The body of customers can be segmented based on the information such 
as their needs, ages and buying behaviors, etc. (e.g., United Services 
Automobile Association targets its business of automobile insurance 
only on military officers, a group that presents lower-than-average risk 
of problems requiring compensation [2]; wholesale companies can 
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target customers who are willing to buy in quantity, do without frills, 
and serve themselves). 
C. Increase the degree of fragmentation or segmentation.  
o Service centre can improve service delivery efficiency by segmenting 
the service ranges into several categories, and pre-arranging them in 
the tape of automatic phone answer system. It shortens the time for 
customers to find the right consultant for enquiry.  
Principle 2. Taking out  
A. Separate an interfering part or property from an object or system, or single out 
the only necessary part (or property) of an object or system.  
o Automated Teller Machines extract the core functions which essentially 
perform the banking transactions such as cash withdrawal and funds 
transfer, and make them happen outside banks. 
o Online reservation system(e.g., airline, hotel, and cinema) 
o Hospitals send out blood donation ambulances so that donators do not 
have to travel to the hospitals 
Principle 3. Local quality  
A. Change an object's or system’s structure from uniform to non-uniform; change 
an external environment (or external influence) from uniform to non-uniform.  
o Service offerings should be customized based on the needs of customers 
(e.g., public buildings must provide various entrances for people who 
can drive in, walk in, or even for those who are handicapped to entry.) 
B. Make each part of an object or system function in conditions most suitable for 
its operation.  
o The layout design in large grocery stores, like Safeway, and superstores, 
like Wal-mart, emphasizes strategic product placement and customer 
flows through their stores to maximize sales and convenience [4]. 
o Restaurants usually choose their locations at heavily populated areas to 
maximize the revenues.  
C. Make each part of an object or system fulfill a different and useful function.  
o Different from service staff, customer as one of the unique elements in 
service delivery can play a vital role to improve the quality of service 
offerings (e.g., patient’s accurate descriptions of their symptoms will 
help doctors to provide effective prescriptions; in fast food restaurants, 
customers assemble their own dishes which cater to their taste) 
o In most service industries, service package is be a mix of tangible and 
intangible goods, which play their own functions respectively for 
creating good experience for customers (e.g., the atmosphere of a 
restaurant and the cheerfulness of its waiters might be as important as 
the taste of the food it sells). 
Principle 4. Asymmetry  
A. A. Change the shape of an object or system from symmetrical to asymmetrical.  
o Sometimes, providing customized service offerings instead of standard 
ones would help to create a unique experience to customers (e.g., 
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customers are greeted with their names in hotel reception counters; 
hair salons make records of customer preferences).    
B. If an object or system is asymmetrical, increase its degree of asymmetry.  
o Customer differentiation (e.g., Banks offer free financial consulting 
services for clients who deposit high savings). 
Principle 5. Merging  
A. Bring closer together (or merge) identical or similar objects or systems; 
assemble identical or similar parts to perform parallel operations.  
o In shopping malls, cashier counters are usually positioned together to 
expedite the transaction time. 
o Identical products or similar products are usually put together for the 
convenience of customer (e.g., similar goods in supermarket; works of 
the same times, or the same artist, or the same topic, are displayed 
together in museums). 
o Collaboration and partnerships among service organizations (e.g., 
theaters invite famous bands, singers for shows).  
B. Make operations contiguous or parallel; bring them together in time.  
o Bundling services and operating them together (e.g., an admission to 
Disney world means visitors can enjoy a variety of attractions, fantastic 
atmosphere which can help to create wonderful experiences in the mind 
of customers.). 
Principle 6. Universality  
A. Make a part or object or system perform multiple functions; eliminate the need 
for other parts.  
o A service offering might perform multiple functions by satisfying 
various needs of customers (e.g., by purchasing a meal, customer can 
enjoy a package of service offerings which might include a set of 
delicious food, a cozy environment with light music, nice interaction 
with servers and some other intangible elements. Each of these 
elements plays its own function and they altogether provide a nice 
experience in the minds of diners).  
B. Use standardized features 
o Performance consistent service delivery (e.g., McDonald’s, French fry 
food). 
o ISO 9004-2:1991(E) - Guide to Quality Management and Quality 
Systems Elements for Services  
o Scoring system used for customer selection and solicitation  
Principle 7. "Nested doll"  
A. Place one object or system inside another; place each object or system, in turn, 
inside the other.  
o Flight traveling would be a boring experience if no more extra services 
like entertainment are incorporated in the flight package.  
B. Make one part pass through a cavity in the other.  
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o The operations of back office should not be isolated from the operations 
of front office (e.g., Receptionists should know the operational status in 
hotel rooms, such as occupancy and cleaning status). 
Principle 8. Anti-weight   
A. To compensate for the weight of an object or system, merge it with other 
objects or systems that provide lift.  
o Organizations invite consulting firms to help to identify and solve 
problems 
o Theaters invite famous bands, singers to provide interesting shows, 
concerts in order to attract audiences 
o To attract more customers to accept and use internet banking services, 
and to save tremendous expense from marketing, e-banks often 
collaborate with the large traditional banks to gain recognition rapidly 
from customers  
B. To compensate for the weight of an object or system, make it interact with the 
environment (e.g. use aerodynamic, hydrodynamic, buoyancy and other forces).  
o Customers can become a communication medium of service firms who 
offer high quality services (e.g., word-of-mouth effect). 
Principle 9. Preliminary anti-action  
A. If it will be necessary to do an action with both harmful and useful effects, this 
action should be replaced with anti-actions to control harmful effects.  
o Before the commercialization of a new service product, preventive 
analysis should be done to identify any potential failure points in the 
service offering.   
B. Create beforehand stresses in an object or system that will oppose known 
undesirable working stresses later on.  
o “Help” file is always included in software to help users to solve 
problems whenever they meet 
o Software or hardware providers offer free technology support for 
customers through online enquiry, or telephones 
Principle 10. Preliminary action  
A. Perform, before it is needed, the required change of an object or system (either 
fully or partially).  
o Customer-contact personnel are representatives of service firms. So 
basic training for the skills like customer interaction skills is needed 
before they begin to work and represent for companies.   
o Nice setting for service facilities would be beneficial to create 
wonderful experiences for customers (e.g., coffee shops, theaters).  
o Put up sign posters and location maps as route directions for visitors. 
B. Pre-arrange objects or systems such that they can come into action from the 
most convenient place and without losing time for their delivery.  
o The “hub-and-spoke” network delivery concept used by Federal 
Express 
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o Customers are allowed to rent cars from one of the chain shops and 
then return it later to any one of the chain shops closest to them 
o Strategic placement of commodities in shopping malls [4] 
o To shorten the check out time, many hotels total the bills and slide them 
under the guest room doors during the last night of their stays, thereby 
achieving “zero waiting time”.  
Principle 11. Beforehand cushioning  
A. Prepare emergency means beforehand to compensate for the relatively low 
reliability of an object or system.  
o To manage service capacity and smooth customer demand, service 
firms can use a set of preventive strategies such as price differentials to 
encourage off-peak demand, advertising early to avoid seasoning rush, 
and using appointment and reservations.  
Principle 12. Equipotentiality  
A. In a potential field, limit position changes (e.g. change operating conditions to 
eliminate the need to raise or lower objects or systems in a gravity field).  
o Car renting companies usually have a scatter of branch shops. 
Customers can rent car at any shop, drive it around and then return it 
later to any one of the chain shops closest to them (it is also shown in 
Principle 10, preliminary action) 
o The emergence of e-banking transforms the traditional transactions into 
online transactions which makes the distance between banks and 
customers just a few clicks away.  
Principle 13. The other way round 
A. Invert the action(s) used to solve the problem (e.g. instead of cooling an object 
or system, heat it).  
o With the advancement of e-services, customers do not have to go 
shopping at physical stores as before. They can shop and make payment 
online by just sitting at home and wait for the delivery of purchased 
products to their homes.  
B. Make movable parts (or the external environment) fixed, and fixed parts 
movable).  
o Service companies can earn competitive advantages by delivering on-
site services (e.g., ASUS provides on-site warranty services in the first 
year of the purchase of its laptops).  
o Emergency ambulances travel to the places of patients 
C. Turn the object (or process) 'upside down'.  
o On many occasions, customers can self-service them instead of waiting 
helps from service staff (e.g., websites often put answers to FAQs; 
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Principle 14. Spheroidality  
A. Instead of using rectilinear parts, surfaces, or forms, use curvilinear ones; move 
from flat surfaces to spherical ones; from parts shaped as a cube (parallelepiped) 
to ball-shaped structures.  
B. Use rollers, balls, spirals, domes.  
C. Go from linear to rotary motion, use centrifugal forces.  
o The process of new service development is highly iterative rather than 
just being linear.  
o Feedbacks from customers and frontline staff (marketing and sales) are 
valuable to developing new services. 
Principle 15. Dynamics  
A. Allow (or design) the characteristics of an object, external environment, or 
process to change to be optimal or to find an optimal operating condition.  
o Service firms can empower frontline staff the discretionary right in 
delivering services. (e.g., Joie de Vivre Hotel Chain has a dream-maker 
program. Their employee can create a customized welcome gift for VIP 
customers). 
B. Divide an object or system into parts capable of movement relative to each 
other.  
o The team of new service development should consist of the members 
from cross-functional departments 
C. If an object (or process) is rigid or inflexible, make it movable or adaptive.  
o Customer demands usually follow certain pattern. Thus service firms 
can try to adapt service capacities to meet customer demands (e.g., 
airlines increase flights during peak season; restaurants hire temporary 
staff).  
Principle 16. Partial or excessive actions  
A. If 100 percent of an object or system is hard to achieve using a given solution 
method then, by using 'slightly less' or 'slightly more' of the same method, the 
problem may be considerably easier to solve.  
o Giving beforehand notices and explanations to customers for temporary 
unavailability of services can prevent loss of customer loyalty due to 
blind waiting (e.g., websites put notice links, for instance, server 
upgrading, to explain the temporary failure of services; window service 
staff put notice like “20 minutes back” or “service starts from 2pm” to 
avoid blind waiting for customers) 
o Customers can be delighted if the perceived service quality exceeds 
their expectations (e.g., conference or meeting organizers send 
reminder letters or emails to attendants before the meeting and also 
send follow-up letters to thank their presence after the meeting; many 
mall centers provide kid caring services and amusement so that parents 
can do shopping with ease).  
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Principle 17. Another dimension  
A. To move an object or system in two- or three-dimensional space.  
o Multi-dimensional customer satisfactions surveys; the use of House of 
Quality in service design [5]. 
o Multi-level sales system (e.g., Amway or Avon sales system). 
B. Use a multi-story arrangement of objects or systems instead of a single-story 
arrangement.  
o The organization structure of McDonald’s is pyramid-shaped, with 
layers of supervision from the assistant store manager, store manager, 
and regional manager to corporate “consultants”, to ensure 
consistency of service delivery across all locations [2].  
o Differentiate and segment customers on the basis of their needs, 
behaviors, ages, etc.  
C. Tilt or re-orient the object or system, lay it on its side.  
D. Use 'another side' of a given area.  
Principle 18. Mechanical vibration  
A. Cause an object or system to oscillate or vibrate.  
o Benchmarking the best practices across different service industries 
would be helpful to improve the service quality, and keep innovating in 
developing service offerings. 
o Varying the required service capacity with the fluctuation pattern of 
customer demands (e.g., fast food restaurants hire temporary staff to 
service customers on peak times) 
B. Increase its frequency (even up to the ultrasonic).  
o Ritz Carlton Hotels have 10 minutes per day of employee training, 
instead of long classes at less frequent intervals.  
C. Use an object's or system’s resonant frequency.  
o Consulting firms need to work “in harmony” with their clients with the 
goal of resolving problems 
o The use of Just-In-Time (JIT) inventory systems in supply chain 
management 
D. Use piezoelectric vibrators instead of mechanical ones.  
E. Use combined ultrasonic and electromagnetic field oscillations.  
Principle 19. Periodic action  
A. Instead of continuous action, use periodic or pulsating actions.  
o To many service industries, it is not cost-effective, or no point at all, to 
keep service capacity fixed throughout the time (e.g., Airlines increase 
flights on hot routing in tour season; cinemas put on more show 
sessions in weekends) 
B. If an action is already periodic, change the periodic magnitude or frequency.  
o Consumer demands in some service industries typically exhibits very 
cyclic behavior over periods of time, with considerable variation 
between the peaks and valleys. Some means might be helpful to smooth 
the magnitude of demand on the peak time (e.g., some rail lines charge 
less for off-peak trains; restaurants offer early-bird discounts).  
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C. Use pauses between impulses to perform a different action.  
o In the operations of back office, inspections of the working conditions of 
machines should be regular (periodic) to prevent the accidental break-
down. 
o Employee can be trained during periods of low customer demand, and 
thus be prepared for periods of high demand.  
Principle 20. Continuity of useful action 
A. Carry on work continuously; make all parts of an object or system work at full 
load, all the time.  
o Some service organizations develop a retirement job bank of their 
retired employees that is used a source of skilled labor to fill in during 
peak work times, absences, and vacations [2]. 
o Some services and facilities are in the state of continuous delivery (e.g., 
radio programs, customer hotlines, public highway).  
B. Eliminate all idle or intermittent actions or work.  
Principle 21. Skipping  
A. Conduct a process, or certain stages (e.g. destructible, harmful or hazardous 
operations) at high speed.  
o The procedure for X-ray mammograms is uncomfortable for the patient. 
The actual X-ray exposure only takes a few seconds, but the positioning 
the patient can take several minutes. If technicians learn how to operate 
the positioning quickly, and how to release the pressure on the instant 
the X-ray is taken, patients are more likely to return.  
o Keep customers in waiting for long takes the risk of losing their loyalty. 
Shortening the waiting time (Skipping this harmful time) can be realized 
by setting up more service counters, or hire more part-time employees 
during peak times.  
o An alternative way to manage waiting line is to let customers feel that 
the waiting time was skipped psychologically (e.g., Disney employs 
entertainment for people waiting in line; high-rise buildings put mirrors 
on elevator doors to make people less maniacal during waits).  
o To increase the automation level, many service organizations try to 
shorten the direct customer contact time (e.g., the use of automated 
phone answering systems or online reservation system) 
o The “zero waiting time” achieved by hotels (Also shown in the 
Principle of Preliminary Action) 
Principle 22. "Blessing in disguise" or "Turn Lemons into Lemonade"  
A. Use harmful factors (particularly, harmful effects of the environment or 
surroundings) to achieve a positive effect.  
o Service firms can improve the quality in service delivery by listening to 
customer complaints.  
o If a service failure occurs or a potential service fail point is identified, 
service companies can respond fast and take effective measures to fix 
the problem. It can create very positive perceptions about service 
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quality in the minds of customers (e.g., Microsoft publishes patches in 
time to software products to improve their quality; serving 
complimentary drinks on a delayed flight can turn a potentially poor 
customer experience into good one; the credit of Singapore was 
upgraded because of the success of its effort in containing SARS [1]). 
B. Eliminate the primary harmful action by adding it to another harmful action to 
resolve the problem.  
Amplify a harmful factor to such a degree that it is no longer harmful.  
o In professional services (e.g., consulting), price for purchasing service 
offerings is often considered a surrogate for service quality. Thus high 
pricing of this kind of service products with excellent quality may be a 
competitive strategy. 
Principle 23. Feedback  
A. Introduce feedback (referring back, cross-checking) to improve a process or 
action.  
o Instant feedback on sales and inventory movements can be obtained 
through the use of RFID (radio frequency identification) tags. This can 
result in a better match of inventory to customer needs. 
o Use of patients’ medical record and listening to their feedbacks to 
previous prescriptions can greatly influence the effectiveness of the 
attending physician [2].  
B. If feedback is already used, change its magnitude or influence.  
o Increase the collection of feedback data from customers and frontline 
staff by using the means such as focus group, brainstorming, lead user 
interview, etc.  
o Instead of waiting for customer feedback, some companies proactively 
use computerized information system (e.g., bar coding or checkout 
scanner technology) to collect and analyze customer buying behaviors.  
Principle 24. 'Intermediary'  
A. Use an intermediary carrier article or intermediary process.  
o A large number of service firms are intermediaries (e.g., job agents, 
travel agents, law firms, etc.) 
o Customer-contact personnel are representatives of service firms, or the 
intermediaries between service firms and customers. Their 
performances affect the image of service firms directly.  
o Some physical goods play the roles as intermediary in creating 
customer experiences for delivered services (e.g., purchased food in 
restaurant; replacement parts for servicing). 
o Customers can be advertisers of service offerings (e.g., a happy 
customer is willing to share with his friends the experience of a good 
service).  
B. Merge one object temporarily with another (which can be easily removed).  
o In some industries, customers or “their representatives” must 
temporarily stay with supporting facilities in the course of service 
 129
Appendix A: 40 Inventive Principles with examples in service operations management 
delivery (e.g., customers stay on airplanes during flights; mail letters 
are in the hands of post offices during forwarding)  
Principle 25. Self-service  
A. Make an object or system serve itself by performing auxiliary helpful functions  
o In fast-food restaurants (e.g., cafeteria, salad bar), customers play the 
roles as partial employee. By doing this, customer can actually 
assemble the meals for their preferences, and help to augment the work 
of service staff.  
o The effectiveness of education is largely dependent on the students’ own 
effort.  
B. Use waste resources, energy, or substances.  
o Evaluate situations of bad services to improve (e.g., Hospitals track 
how often patients are re-admitted with the same problem to measure 
“waste” of treatment.  
Principle 26. Copying  
A. Instead of an unavailable, expensive, fragile object or system, use simpler and 
inexpensive copies.  
o In many museums, visitors have a cheaper option to hiring a tour guide, 
that is, to rent an audio guide 
B. Replace an object or system, or process with optical copies.  
o Microfilms are used to store huge volumes of books.  
o Use of a projector and transparency copies in lecturing. 
C. If visible optical copies are already used, move to infrared or ultraviolet copies.  
D. Copy creative service concepts across different industries. 
o The EZ-link card and general ticketing machines employed in 
Singapore MRT (city train) and bus systems are similar in concept to 
bank credit card and automated teller machines.  
o Southwest Airlines cut its turnaround time by 50% through observing 
how the pit crews of Indianapolis 500 fuel and service race cars.  
o Gas utility company can speed the delivery of its own product by 
examining how Federal Express delivers packages overnight [2]. 
Principle 27. Cheap short-living objects  
A. Replace an inexpensive object or system with multiple inexpensive objects or 
systems, compromising certain qualities (such as service life, for instance).  
o During SARS period, canteen food outlets in Singapore use disposable 
cutlery to substitute recyclable ones in order to contain the disease [1] 
o Many software companies allow potential customers to download and 
use their products for a trail period or limited times of free usage. This 
helps customers to experience the functions of products before they 
make decision to buy formal ones. 
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Principle 28 Mechanics substitution  
A. Replace a mechanical means with a sensory (optical, acoustic, taste or smell) 
means.  
o Video tape of lectures and CD recordings of concerts represent 
convenient substitutes for physical attendance 
B. Use electric, magnetic and electromagnetic fields to interact with the object or 
system.  
o Applying manufacturing technologies to automate the back-office 
operations in service companies (e.g., airport luggage-handling system) 
o In traditional service delivery, customers must travel to service 
facilities, or servers must travel to places of customers. Electronic 
communication can be substituted for physical travel (e.g., learning 
knowledge through registering online class; conducting video 
conference). 
C. Change from static to movable fields, from unstructured fields to those having 
structure.  
o Internet technologies enable the real-time communication with visual 
images, which is a revolutionary change from the traditional way of 
calling over phone 
D. Use fields in conjunction with field-activated (e.g. ferromagnetic) particles.  
Principle 29. Pneumatics and hydraulics (Intangibility) 
A. Use intangible parts of an object or system instead of tangible parts  
o The brand images of service organizations can be a guarantee for 
service quality (e.g., social recognition for academic degrees from top 
universities, which may stand for high quality of education for degree 
holders) 
Principle 30. Flexible shells and thin films  
A. Use flexible shells and thin films instead of three dimensional structures  
B. Isolate the object or system from the external environment using flexible shells 
and thin films.  
o Some trains use automated shutting doors to isolate smoking 
compartments away from non-smoking compartments.  
Principle 31. Porous materials  
A. Make an object or system porous or add porous elements (inserts, coatings, 
etc.).  
o Some supermarkets open a green cashier counter in peak time for 
customers who just buy a few items so that they can check out quickly 
and do not have to wait in the long queue. 
o There should be a channel for service providers to listen to the voice of 
customers. Information technologies create the opportunity for service 
providers to interact more frequently with customers (e.g., after some 
companies implemented live chat function on their websites to expedite 
the interactions with customers, their sales closures rise dramatically).  
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B. If an object or system is already porous, use the pores to introduce a useful 
substance or function.  
o In order to develop better products or enhance service quality, service 
providers can encourage and reward customers to feedback their 
experiences of consuming delivered service products (e.g., use customer 
focus group to assess new services before formal launches, or involve 
customers  participation in new idea generation) 
Principle 32. Color changes  
A. Change the color of an object or system or its external environment.  
o Changing the color of a service facility might be able to influence the 
customer’s perception of the service (e.g., renovate restaurants with 
warm color in winter).  
o Avoiding any typical hospital color “association” might be helpful for 
rapid recovery for patients.  
B. Change the transparency of an object or system or its external environment.  
o Sometimes it is useful to promote customer confidence by making part 
of service operations transparent to public scrutiny (e.g., some 
restaurants provide a view into the kitchen; some auto repair shops can 
be observed through windows in the waiting area; some hair salons can 
be viewed from outside) [2]. 
Principle 33. Homogeneity 
A. Make objects or systems interacting with a given object or system of the same 
material (or material with identical properties).  
o Some hospitals encourage the patients who have received surgery to 
discuss their experiences with new patients to alleviate their 
preoperative fears; Schools encourage students to help each other to 
clarify puzzles during study.  
Principle 34. Discarding and recovering  
A. Make portions of an object or system that have fulfilled their functions go away 
(discard by dissolving, evaporating, etc.) or modify these directly during 
operation.  
o Some of the elements in service packages will be consumed after they 
fulfill the assistance job to create the experiences in the minds of 
customers (e.g., food/drinks offered by restaurants; medicines provided 
by hospitals; knowledge taught by teachers). 
B. Conversely, restore consumable parts of an object or system directly in 
operation.  
Principle 35. Parameter changes  
A. A. Change an object's or system’s physical state (e.g. to a gas, liquid, or solid.) 
o The emergence of information technologies turns brick-and-mortar 
banks into intangible e-banks.   
B. Change the concentration or consistency.  
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o The “focus” service strategy rests on the premise that service firm can 
serve its narrow target market more effectively and/or efficiently than 
other firms trying to serve a broad market [2].  
C. Change the degree of flexibility.  
o Sometimes, adding customization to a standard service offering may 
endear a firm to its customers at very little cost. Examples: A hotel 
operator who is able to address a guest by name can make an 
impression that translates into repeat business; Hair salons have added 
many personalizing features (e.g., personal stylist, juice bar, relaxed 
surroundings, mood music) to differentiate themselves from hair shops; 
Burger King’s efforts to promote a made-to-order policy is an attempt 
to differentiate itself from McDonald’s classic make-to-stock approach 
to fast-food service.  
o Museums send their top art works for stroll exhibitions over the world; 
famous circuses make travel shows across many places 
D. Change the atmosphere to an optimal setting.  
o A coffee bar might need a relaxed environment with mood music as 
background.   
o A nightclub might need some special recreation programs to match the 
moods of customers.  
Principle 36. Phase transitions  
A. Use phenomena occurring during phase transitions (e.g. volume changes, loss 
or absorption of heat, etc.).  
o Recreation centers launch different new leisure programs in different 
seasons.  
o With the aging of the club members, some resort clubs might design 
more family activities to cater to the evolution of these members’ needs.  
Principle 37. Thermal expansion (Strategic expansion) 
A. Use thermal expansion (or contraction) of materials.  
o Some service industries use adaptable service capacity to cater to 
fluctuating demands of customers (e.g., restaurants hire temporary staff 
to meet peak demands; airlines increase flight amounts during tour 
season). 
o Popular restaurant is hot so that it can expand to world-wide chain 
(e.g., Hard Rock Café, KFC, Wolfgang Puck, etc.) 
B. If thermal expansion is being used, use multiple materials with different 
coefficients of thermal expansion.  
Principle 38. Strong oxidants (Boosted interactions) 
A. Replace common air with oxygen-enriched air (more exposure to customers)  
o Contrary to the closed-system perspective that is taken in 
manufacturing, service operations adopt an open-system concept 
because of the presence of customers in the process of service delivery 
[2]. This helps to enrich company’s knowledge of its customers.  
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B. Replace enriched air with pure oxygen (increase the level of customer 
participation in service delivery) 
o Further enhance the role of customers as co-producers in service 
delivery (e.g., the evolution of customer roles in service delivery from 
traditional banking, to phone banking, to internet banking).  
C. Expose air or oxygen to ionizing radiation.  
D. Use ionized oxygen.  
E. Replace ozonized (or ionized) oxygen with ozone.  
Principle 39. Inert atmosphere  
A. Replace a normal environment with an inert one.  
o During the period of SARS outbreak, patients who are infected the 
disease must be quarantined in order to prevent further spreading.  
o Use of neutral third parties during difficult negotiations [3] 
B. Add neutral parts, or inert additives to an object or system.  
o Break time for a lecture.  
Principle 40. Composite materials  
A. Change from uniform to composite (multiple) materials.  
o Adding tangible elements into service offerings can give customers 
physical reminders of their purchases of the intangible services (e.g., 
airlines send souvenirs to passengers; hotels provide complimentary 
toiletry items with the hotel name prominently affixed).  
o Use multi-media in education-lecture with music and video.  
 
Conclusion 
This section presents the interpretation of the possible meanings of the classic 40 
inventive principles with examples from service operations. Despite the differences 
between goods industries and service industries, it is found that most of inventive 
principles and their innovation patterns can be well-applied to service sector. To make 
the process of applying these principles systematic and enable greater impacts on 
service development practices, a service-specific contradiction matrix might be 
desirable to be created.  
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APPENDIX B 
WORKSHEETS OF TRIZ-SERVICE PROBLEM SOLVING 
The worksheets included in this appendix can be used as design guidelines when 
service companies implement the TRIZ-Service design model in practice. All of the 
worksheets are made of questions, which incorporate steps and goals of each design 
stage. By answering the questions, service designers can probably be able to find 
satisfactory solutions to problems to be solved.  
 
Table B.1 Worksheet of problem diagnosis 
1. Do you feel the shortage of the new ideas when you try to solve a problem, or develop new 





2. Does your service organization have a system/process of idea generation to assist service 





3. If yes, how does the process of idea generation function? Is it systematic and efficient to derive 





4. If no, do you think it will be good to establish a systematic and efficient idea generation system in 
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Table B.2 Worksheet of problem identification 
1. Are you satisfied with the current service operations in your organization? Yes or No. (If yes, 
please answer question 2; If no, please answer question 3) 
 
 
2a. If yes, do you understand the needs of future customers to your organization?  
 
 
2b. Can the current service offerings in your organization cater to the needs of future customers? Do 




3a. If not, what is the problem(s) you met in current service operations? 
 
 
3b. In your opinion, how should the situation be improved in order to resolve the problem? Do you 
have some ideas about the resolution of the problem? 
 
 
4.  What are the problems that customers complain most frequently in recent days? 
 
 
5. What are the problems that your colleague report most frequently in recent days? 
 
 
6. Do you think the improvement of current situations, or the resolution of problems stated above 




7.   Based on the above analysis, please select one problem that you believe most worthy of being 
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Table B.3 Worksheet of problem situation analysis 
1. What is the existing problem that you mostly want to solve? Please describe briefly. (Hint: 
Describe the existing problem in current service operations system, or the areas to be improved, 
or the barriers of delivering the desired new services) 
 
 
2. What is the purpose to design a new service to resolve the existing problem, or redesign the 
current service with the problem? (Hint: Describe what are the (potential) customer needs to be 
met, and how does the current problem service, or desired new service aim to meet the needs) 
 
 
3. What are the known solutions to address the service design problem? Please discuss and list 
them as more as you can? (Hint: State the past and current solutions to resolve the identified 
problems, remove barriers, or improve/refine the situation) 
 
 
4. What are the advantages and disadvantages of the listed known solutions? Please discuss and 
write down them? 
 
 
5. What is the ideal final result to the problem? (Hint: See Appendix C.1 for the introduction of 
ideal final result) 
 
 
6. What are the local constraints or limitations to resolve the problem? (Hint: Estimate the 
permissible expenditure for solving the problem, and find out the allowable and not allowable 
changes to the original system) 
 
 
7. What is the system structure of the target service operations? (Hint: Identify the subsystems or 
any components of the target service operations system, and then specify the relationships 
among the components) 
 
 
8. What is the objective for this problem solving project? (Hint: Set the project objective of the 










Appendix B: Worksheets of TRIZ-Service problem solving 
Table B.4 Worksheet of problem formulator 
1.    What are the key function components for the target service, or the operations of the service?  
 
2. What is the aim of the target service offering? Based on this purpose, please classify the functions 
into two groups: useful function (UF) and harmful function (HF). If possible, please also identify 
the primary useful function (PUF) to achieve the aim and the primary harmful function (PHF) to 
hinder the achievement.  
 
3. Please use cause-and-effect relationship to describe the linkage among the function components, 
and draw the functional diagram. 
 
4. Please review the functional diagram, add in any other essential function and delete any 
redundant function if necessary.  
 
5. On the basis of the functional diagram, please formulate problem statements accordingly.  
 
6. Please analyze the formulated problem statements one by one, and list any solutions indicated by 
the statements. 
 
7. Please check whether the found solutions are enough for the resolution of problem. If not enough, 





Table B.5 Worksheet of contradiction analysis 




2. Which one is the key problem(s) among the listed problems? Please try to formulate this key 
problem in the form of contradiction. (Hint: the contradiction could be the conflicting 
requirements from two subsystems, and also could be two incompatible elements in one subsystem) 
 
 
3. Do you think the identified contradiction is the inherent contradiction of the problem? If not, please 
try to re-formulate it again. (Hint: the elimination of an inherent contradiction usually leads to the 
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Table B.6 Worksheet of contradiction elimination 
1.   Please try to intensify the two conflicting elements of the inherent contradiction to two extreme 
situations.  
 
2. Analyze the two extreme situations of the contradiction and record the indicated solutions from 
the situations 
 
3. If the contradiction is not eliminated, please refer to the 40 inventive principles or the 4 
separation principles, and list the possible useful principles. 
 
4. Analyze the meanings of the selected principles  
 
5. List all of the possible ideas generated from the principles and concretize them by putting these 





Table B.7 Worksheet of solution evaluation 
1. Please state the ideal final result to address the problem situation.   
 
 
2. What are the four criteria of the formulated ideal final result? 
 
 




4. What are the best solutions after evaluating the ideality of the ideas? 
 
 
5. State the local constraints (e.g., expense, required facilities) to realize the ideas. 
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APPENDIX C 
INTEGRATED TRIZ TOOLS 
This appendix provides an introduction to several TRIZ tools, Ideal Final Result, 
Problem Formulator, and Tool-Object-Product modeling, which are used to illuminate 
the proposed TRIZ-Service design model in this study. The aim of the illustration is to 
provide service designers a clearer understanding of the TRIZ tools used in this study. 
However, it is not meant to exclude other TRIZ tools in the proposed TRIZ-Service 
design model. On the contrary, one of the effective ways to improve this model is to 
modify and incorporate more other TRIZ techniques into this model.  
 
C.1 Ideal final result 
IFR is an implementation-free description of the situation after the problem has been 
solved. It focuses on customer needs or any needed functions, not the current process 
or equipment (Domb, 1997). The goal of formulating the IFR is to eliminate rework by 
addressing the root cause of the problem or customer need. The IFR helps to reach 
breakthrough solutions by thinking about the solution, not the intervening problems. 
IFR is based on a basic TRIZ principle that systems evolve towards increased ideality, 
where ideality is defined as:  
 
Ideality = ∑Benefits / (∑Costs + ∑Harm) 
 
This formula indicates the evolution is in the direction of increasing benefits, 
decreasing costs and harm. The extreme result of this evolution is the Ideal Final 
Result.  It has all the benefits, none of the harm, and none of the costs of the original 
problem. The ideal system occupies no space, has no weight, requires no labor, 
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requires no maintenance, etc, and delivers benefit without harm. The IFR has the 
following 4 characteristics:  
• Eliminate the deficiencies of the original system 
• Preserves the advantages of the original system 
• Does not make the system more complicated (uses free or available resources) 
• Does not introduce new disadvantages 
 
When IFR is formulated, the evaluation of the possible lines of future evolution can be 
conducted by checking whether it is against the above 4 characteristics and is against 
the equation for increasing ideality. 
 
C.2 Problem formulator 
In this section, an example is presented to illustrate how to use Problem Formulator to 
do modeling problem and formulate problem formulation. 
 
• Building functional diagram 
a) To identify the PUF or PHF that the original system desires to achieve. In this 
example, it starts with PUF [B+] (see Figure C.1), which is defined by problem solver 
basing on the information provided by problem owner.  
 
b) To analyze the problem situation and identify other essential useful or harmful 
functions in the system that should be required for realizing PUF or be resulted from it. 
The functions that do not belong to the original system should be not included in the 
diagram. Every function has at least one relationship with any other functions in the 
diagram. The relationship could be “is required to”, “cause”, “eliminate”, etc. By 
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following this means, an analytical functional diagram which reflects the “cause-and-
effects” functional structure of the original system can be constructed.  
 
• Formulate problem statement 
The basic problem statements derived from the functional diagram have two types: the 
preventive statements for harmful functions and the alternative statement for useful 
functions. An additional problem statement for each function can be expressed as 
either a benefit from a harmful function, an enhancement to a useful function, or the 
resolution of a contradiction. Formulating problem statements makes solutions more 
obvious because the relationships between functions are more easily observed than in a 
traditional single problem structure. A complex problem is thus decomposed into a 
series of correlated small problems which are more straightforward to be solved with 
professional knowledge.  
 
• An illustration example of problem modeling and formulation 
 
 





is required to 
is required to is required to C+ 
F─ E─ 
causes 
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Please note in Figure C.1, the UFs are those with “+” sign, the HFs are those with “─” 
sign. In this diagram, useful functions are A+, B+, C+, D+, E+; harmful functions are 
F─ and G─. 
 
According to the functional diagram in Figure C.1, a total number of 13 problem 
statements can be generated as follows:  
1. Find an alternative way to obtain function [A+] that provides function [B+] and does 
not cause harmful function [E─].  
2. Find a way to enhance the effectiveness of useful function [A+].  
3. Find an alternative way to obtain function [B+] that offers the following: 
• provides useful functions [C+] and [D+] 
• does not cause harmful function [F─] 
• does not require for useful function [A+] 
4. Find a way to enhance the effectiveness of useful function [B+]  
5. Find a way to resolve contradiction:  
• the useful function [B+] should be in place in order to provide useful functions 
[C+] and [D+] 
• should not exist in order to avoid causing cause harmful function [F─] 
6. Find an alternative way to obtain useful function [C+] that does not require for 
useful function [B+] is and accordingly not influenced by harmful function [F─].  
7. Find a way to enhance the effectiveness of useful function [C+] 
8. Find a way to eliminate, reduce or prevent harmful function [E─] under the 
condition of function [A+] 
9. Find a way to benefit from benefit from harmful function [E─] 
10. Find a way to eliminate, reduce or prevent harmful function [F─] and do not 
influence useful function [C+] under the condition of [B+].  
11. Find a way to benefit from harmful function [F─].  
12. Find an alternative way to obtain useful function [D+] that does not require for 
function [B+]. 
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C.3 Tool-Object-Product function modeling
TOP function modeling is one of the TRIZ problem analysis tools. It has a similar 
function with Problem Formulator, which is used to model problem situation and 
formulate possible solution directions to resolve problem. TOP function modeling is 
the next generation of Substance-Field Analysis, which is a classical TRIZ tool used 
frequently in problem definition. TOP function modeling was developed by Zinovy 
Royzen in 1989. Compared with Problem Formulator, TOP analysis can better portrait 
function relationships among a few interacting components in the system. Problem 
Formulator is more capable of modeling problem situation which consists of a set of 
time-dependent functional components. Nonetheless, both of these methods are widely 
used in defining problems by TRIZ experts.  
 
A typical TOP function model comprises four components. They are the Tool (T) of 
the function (or the function provider), the Object (O) of the function (or the recipient 
of the action of the tool), the Action (F) of the tool at the object, and the Product (P) of 
the function. Usually, there are two kinds of function modeling: Useful Function in 
Figure C.2 and Harmful Function in Figure C.3.   
 
 
Figure C.2 Model of useful function (Reproduced from Royzen, 1999) 
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Figure C.3 Model of harmful function (Reproduced from Royzen, 1999) 
 
By describing problem situation with function modeling, problem solvers can have 
better understanding of system performance, then classify problems and determine 
appropriate TRIZ methods to be applied to solve problems. Royzen (1999) developed a 
TRIZ flow chart (see Figure C.4), which is embedded with TOP function modeling. 
After defiing problems with TOP analysis, problems can be classified into six 
categories. For problems in each category, corresponding TRIZ tools are 
recommended to work on the problems and suggest solutions. Detailed description of 
the flow chart and the illustration of the TRIZ tools can be referred to Royzen (2002).  
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Figure C.4 TRIZ flow chart (Reproduced from Royzen, 1999) 
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